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CHAPTER 1 
SOUND 





1. Sound and Telephony 


Until the invention of the telephone, the dis- 
tance over which the human voice could be used 
for communication was limited by the lung power 
of the speaker and by the ear sensitivity of the 
hearer. This limited distance could be extended 
slightly by a megaphone, a large horn which con- 
centrates the power of the human voice in a given 
direction. Megaphones increased intelligibility 
where it was necessary to shout in order to be 
heard, as from ship to ship at small distances. 
It is interesting to note that the words mega-phone 
and tele-phone both are made up in part of the 
English equivalent of the Greek word phone, 
which means sound, The word megaphone means 
simply a big sound, and the word telephone means 
sound at-a-distance, or far sound. 

a. The telephone, as its name implies, solves 
the problem of distance limitation on sound trans- 
fer from point to point. Of course, the first tele- 
phone was crude and its usefulness was limited. 
Many stages of development were necessary to 
bring it to its present efliciency and flexibility. 
But development was rapid, and today, spurred 
by enormous demands, the service provided by 
telephone reaches almost everywhere; a business 
executive or a commanding general by picking 
up a telephone can communicate not only with an 
associate in the next room or in his immediate 
vicinity but, almost at once, with someone on the 
other side of the earth. 

b. The sound of the voice of the speaker actually 
is not transmitted over long distances, but a sound 
like the voice of the speaker is generated at the 
distant point by means of electrical power. The 
small voice power of the speaker is transformed 
into electrical power, which may be amplified at 
will, and then this electrical power is transmitted 
over wires to any given point, where it is changed 
into sounds that resemble the voice of the speaker. 
Radio communication, which was a later solution 
of the same problem, transmits electrical energy 
without wires, and hence in its early stages of de- 
velopment was called wireless to distinguish it 


—_—_—————— 


from the telephone and the telegraph. The radio 
telephone, a more recent development, uses both 
the wire and the wireless forms of transmission. 
lor instance, the transatlantic telephone uses wire 
wherever the local telephone system is capable of 
handling the message, and wireless is used for the 
long hop over the ocean from the terminals in 
New Jersey and on Long Island to the terminals 
of Europe. 

e. Any telephone system begins and ends with 
sound, and therefore this chapter will concern 
itself with the origin and characteristics of sound 
waves and will serve also as an introduction to the 
elements and operational techniques of the basic 
telephone system with which the following chap- 
ters are concerned. The coils, capacitors, trans- 
formers, switches, switchboards, transmission 
lines, power sources (including both wet and dry- 
cell batteries), and the transmitters and receivers 
in the telephone instrument itself are described 
in detail. A major portion of this manual is 
devoted to an analysis of local-battery and com- 
mon-battery circuits, either of which are basic to 
any telephone system, including Army field tele- 
phones and the more intricate circuits of dial 
systems. 


2. Nature of Sound 


Sound is the sensation caused in the nervous 
system by vibration of the delicate membranes of 
the ear. An analysis of sound as sensation 1s out- 
side the province of this text, but the cause of 
sound by physical vibrations can be analyzed and 
measured with accuracy. As illustrated in figure 
1, the sensation of sound results from the rapid 
vibrations of a rigid or seminigid body such as 
a hacksaw blade, a tuning fork, a drum head, or 
a bell. Ifa pencil is held hghtly against the vi- 
brating body, the physical motion often can be 
felt by the hand; but without the pencil as a 
medium for the transfer of energy, the vibrations 
cannot be felt by the hand at even a small distance 
from the source. At the same time, however, 
these vibrations are recognized by the ear as 
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igure 1. Generation of sounds. 


sound. The physical medium between the source 
of vibrations and the ear is the surrounding body 
of air, which at atmospheric pressure is sufliciently 
dense to be set in motion by the vibrating body 
and to convey the vibrations to the delicate ancl 
sensitive membranes of the ear. 


2 
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3. Transmission of Sound 


a. An important fact to note here is that sound, 
Se kL | ig #2 


unlike light and electromagnetic (radio) energy, 


. li This fact is illus 
requires a conducting mec1unt Pe Tete 


trated by figure 2, which shows an electric hel] 
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Figure 2. 


fell operating en warewinnt. 


suspended by its terminal wires from the stopper 
of a jar which itself rests upon a plate connected 
toa vacuum pump. <A dry cell and a switch are 
connected to the wires, and the place of exit of the 
wires 18 sealed. 


(1) When the air is removed from the jar and 
the bell cireuit is closed, no sound 1s 
heard, even though the bell is seen to be 
vibrating. 

When air is readmitted slowly, the ring- 
ing begins to be heard, and, as more ai 
is admitted, the sound becomes louder. 


— 
— 


(3) In the vacuum, sound was not trans- 
mitted, whereas in air if was trans- 
mitted. Air, therefore, constitutes a 
medium through which sound can be 
(ransmiutted, 


bh. The transmission of sound a/ways requires a 
medium, ‘The transmission of light and elee- 
tricity does not. Thus, sound cannot be trans- 
mitted in a vacuum, but light and electricity can. 
In the direct transmission of sound, the median 
is usually the air intervening between the source 


and the listener, but other mediums, either solid 
or liquid, can transmit sound. For instance, a 
boy lays his ear against a railroad track to 
detect the presence of an oncoming train which 
is to far away for its sound to reach him through 
air; and the American Indian is reputed to have 
been able to detect far-away footsteps by pressing 
his ear to the ground. In both cases, the denser 
medium carried a given amount of sound farther 
than the sound traveled in air. This principle is 
usec also in underwater detection of ships. 
tive listening devices attached to the hull of the 
ship pick up the sound of propeller vibrations car- 
ried by the sea from other ships m the vieiity, 
particularly from submarines. 


Sensi- 


4. Sound Waves 


The motion of the air molecules set wp by a body 
vibrating in air produces sovwnd waves which 
travel outward in all directions from the vibrating 
source, ‘The manner in which sound waves are 
produced can be understood by considering a 
vibrating strip of metal, such as the hacksaw blade 
illustrated in figure 3. 

uw. \ hacksaw blade is fastened to a table ma 
vertical position, as in A, and, with a finger, is 
caused to vibrate rapidly back and forth. As it 
makes its initial trip to the right, two events of 
opposite nature occur, as shown in B, One, the 
blade increases the pressure existing in the group 
of air particles adjacent on its right, causing a 
local condensation, or bunching-up, of the particles 
on that side. ‘Two, the blade decreases the pressure 
existing in the group of air particles adjacent on 
its left, causing a local rarefaction, or dispersion 
of the particles on that side. Condensation and 
rarefaction occur at the same time, and are caused 
by the single motion of the blade to the right. 

4. Free to vibrate by itself, the blade starts to 
move back to its vertical position of rest, as in GC; 
but motion has been imparted to the particles on 
euch side and their subsequent behavior 1s affected. 
The bunched-up group on the right has been given 
a velocity outward, and pushes against the layer 
of particles still farther to the right. Great num- 
bers of minute collisions occur, and gradually but 
very rapidly the striking particles give up to their 
neighbors their own motion and bunehed-up ar- 
rangement. This accounts for the new position 
of the regions of condensation and rarefaction, 
This progress outward continues, the wave of 
sound energy moving outward, and the individual 
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Kigure 3. Sound wave produced by vibrating blade, 


air particles that transmit the motion remaining 
behind. 

c. As the blade returns left toward the vertical 
wl the condensation travels outward to the right, 
an increasing’ gap occurs between them, as shown 
in ©, This region becomes one of lessening pres- 
sure, because the nearby air particles tend to rush 
in and fill the gap to normal density. By the time 
the blade reaches the vertical, the pressure imne- 
diately to its right has decreased to about normal, 
and normal pressure has been restored just to its 
left, 

d. The blade at this point has a good deal of 
velocity, and continues to the left asin D. Tt now 
has caused a condensation on its left and a rare- 
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faction on its right. The initial condensation 4 
the right, meanwhile, has progressed still eaten 
from the blade, and the initial rarefaction still 
farther to the left, 


é. In this way, at each advance | 
either side, a crest of condensation 15 sent traveling 


amrice of the blade on 


outward: and at each retreat of the blade an inter- 
efaction is established, The 


vening trough of rar ; 
erest to erest, Was Siven to it 


energy of each wave, 
by transfer of the energy of motion of the blacle. 


This energy, now called a sound imave, Continues 
outward. The air particles which transmit the 
energy do not eo along with 1t; each collides with 
its ontside neighbors, imparts its energy, and 
returns to a point close to its original position. 


Thus, with the blade again vertical, normal pres- 
sure is restored on both sides of the blade, as in KE, 
By this time, both condensations and rarefactions 
have moved farther out from the source, and they 
are followed, in F, by a new wave which has been 
forming. ‘The process continues, and a train of 
waves is sent out as lon@ as the vibration con- 
tinues. A wave such as this, in which the transfer 
of motion (energy) occurs in the same line as that 
alone which the particles of the medium are oscil- 
lating, is called a longitudinal wave. 


5. Representation of Sound Waves 


a, Sound waves may be represented on a graph 
by plotting against distance the relative compres- 
sion of the air particles of successive groups along 
the path of motion, or by plotting against time 
the relative compression of the air particles of 
successive groups alone the path of motion. 

(1) In figure 4, a portion of E, figure 5, 1s 
redrawn, showing the particles compris- 
ing several sound waves. The alternate 
regions of condensation and rarefaction 
are moving toward the right, as deseribed 
in the preceding paragraph. Below this 
representation is a graph, on which the 
vertical distances correspond to the rela- 
tive compression of the air particles along 
the path of the wave. Note that the 
highest points of the curve (positive 
peaks) lie beneath places of maximum 
condensation, the lowest points of the 
curve (negative peaks) lie beneath places 
of maximum rarefaction, and points on 
the horizontal axis lie beneath places of 
medium density. 

(2) Since the wave is traveling to the right, 
the ear of the listener experiences Varia- 
tions of pressure identical with those ex- 
isting along the path of the wave (fig. 4) : 
first, the rarefaction farthest to the right, 
then the adjacent condensation to the left, 
and so on. This is because the entire 

train of waves is moving toward the ear 

from the left. For this reason, the graph 
of pressure against time at any point is 
identical with the graph of pressure 
against distance at any instant, and hort- 
zontal distances may represent intervals 
of time, 

(3) The curve represents the sound waves set 
up by an object vibrating 400 times each 
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Figure 4. Weeveform of stniple sound, 
second. The time required for each com- 
plete vibration is, therefore, 1/400 sec- 
ond, or 2.5 milliseconds. 

6. The number of complete vibrations of the 
object that occur in 1 second is the same as the 
number of cycles of the wave that occur in 1 sec- 
ond. ‘Chis number is called the frequency of the 
wave, A eycleis a complete set of pressure values, 
from one positive peak to the next, anywhere along 
the path of the wave. The words per second 
usually are omitted, but understood, in referring 
to frequency, so that the frequency is expressed 
only in eycles—though sometimes eps (cycles per 
second) is used. The time required for 1 cycle to 
occur is called the period of the wave. It usually 
is measured in seconds or milliseconds. The pe- 
riod is the reciprocal of the frequency. For exam- 
ple, the frequency of the waveform illustrated in 
ficure 4 is 400 cycles, but the period is 1/400 see- 
ond, or 2.5 milliseconds. 

e. The maximum value of the wave measured 
from the zero axis is called the amplitude of the 
wave, ‘The expressed value of the amplitude of a 
wave depends upon the units used in measuring 
the relative compression of the particles. The 
ordinates of the graph may represent dynes per 
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square centimeter—a unit of pressure—in order 
that the amplitude of the wave may correspond 
to the maximum pressure exerted on the particles, 


6. Velocity and Wavelength 


a. Velocity. Since a definite length of time is 
required for sound to travel from one pomet to an- 
other, sound waves possess velocity. In air at 
0° C., the velocity of sound waves is about 1,090 
feet per second. This velocity increases as the 
temperature rises, so that at 280° ©, the velocity 
of sound 1s about 1,130 feet per second. In denser 
mediums the velocity of sound is greater. In 
water, for example, sound waves travel at 4/700 
feet per second. In solids, the velocity of sound 
waves 1s usually many times the velocity Im air, 
Light waves and electromagnetic waves, by com- 
parison, travel at the extremely high velocity of 
186,000 miles per second—more than 700,000 times 
as fast as sound. This huge difference in velocity 
explains why the lightning flash (light) is seen 
several seconds before the far-off thunder (sound) 
is heard. Since light travels practically instan- 
taneously for short distances, the distance bet ween 
i storm center and an observer ean be calculated 
readily by counting the number of seconds between 
the flash of lightning and the peal of thunder, and 
then multiplying this figure by the velocity of 
sound, For example, if there is an interval of 
) seconds between flash and peal, and if the veloe- 
ity of sound is taken as 1,100 feet per second, the 
center of the storm is 5 times 1,100, or 5.500 feet 
from the observer. At ordinary speaking clis- 
tances, the time required for sound waves to travel 
from one person to another is too short to be of ‘UL 
Inportance, It can prove disturbing, however, 
when the distance separating the source and the 
observer is relatively great, as it frequently is in 
a large publie hall or stadium, : 

b. Wavelength. A sound wave, like an electro. 
magnetic or light wave, may be characterized op 
identified by its wavelength. The wavelength is 
the actual distance between successive condensa- 
tions or successive rarefactions along the path of 
the sound. Thus, in figure 4, the distance covered 
by the portion of the wave desienated as one cycle 
is the wavelength. The wavelength of a annie 
wave can be caleulated by using the relationship ; 


velocity of the sound. 
wavelength=————__ 
frequency of the sound 


‘A sound wave with a frequeney of L000 cyeles, 
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(raveling at a velocity of 1,150 feet per Secol\q_ 
has a wavelength of 1,130/1,000 or 1.13 feet. ¢ 
the same velocity, the wavelength of the 400-cy\jo 
sound represented in figure 4 is 2.82 feet. As the 
frequency increases, the wavelength decreases; ys 
frequency decreases, wavelength increases if the 
medium remains the same. Audible sounds, 
which range approximately from 20 to 20,099 
cycles, have wavelengths ranging from 55 feet to 
26 Of an inch, if the medium 1s ai. Electromiyy. 
netic waves, in air, of the same frequencies ‘Vs 
these have wavelengths ranging from about 9.8% 
miles to 9.3 miles. These latter wavelengths Ne 
much longer because their velocity 18 much ams: 
Light waves, even thoueh their velocity 15 Me 
same as electromagnetic Waves; have such ¢ Ss 
ly high frequencies that their wavelengths are 
than 1/1,000,000 of an ineh. 
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7. Complex Sounds 
vc iy telephony) 
a, flarmonies. Most sound sources in te lk | 


: for repres 
do not produce sounds of the simple ear 3 
Those usual. 


sented by the sine wave of figure 4. 


4 
a8 x, (oms 
lex s |e Be tt ee Ri ‘e simple SOUTICS, 
plex sounds consist of two or more $ Tah 
amplitude, 


each having its own frequency anid 
A graph of such a sound would not be spe 
sine wave. Any complex sound may be eee ae 
into its component simple sounds and then ures 
quencies, however, as is shown by the graph of 4 
| The lowest frequency 

is called the fundas 
ed the funda- 


1 simple 


Musical tone in figure 5. 

contained in such a sound 
mental frequency, often simply call STB 
mental. All others are harmonic frequenctes, also 
Harmonie frequencies are 
| fundamental. ‘Phe 
a frequency five 
For a complex 
400 cycles, the 


called OVEPLONES, 
Whole-number multiples of the 
fifth harmonic, for example, has 
times that of the fundamental. 
» fundamental of D0 | 
fourth harmonic is 1,600 eyeles, the sixth harmonic 
is 2.400 cycles, and so on. It should be not ec| that, 
by this definition, the first harmomte 1s identical 
with the fundamental frequency: 

All voice sounds are Complex 
we of the different sets of har- 


sound having : 


b, Voice Naunds. 
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sounds, = 
, yoice sounds helps us to dis- 


monies contaimed i 


tinguish the voices Pe Pn Rees 
much to make the voice expressive Of such feelings 


of different people, and does 


; n ; F ‘, 1 States # on 
as @ladness, sorrow, ancl eeN Phi harinonics 
of the yoice are of considerable importance in 
telephony, for any part of the telephone system 


which suppresses or distorts | hem makes the trans- 
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Figure 4, 
mitting voice less intelligible. Basic voice sounds 
occur in the variations and combinations of the 
five vowels (a, e, i, 0, u) and the consonants. The 
basic voice sounds of cifferent languages vary 
somewhat. Waveforms of two vowel sounds are 
shown in A, figure 6, 

c. Musical Sounds. Just as the different har- 
monies contained in the sound waves produced 
by voice enable the listener to distinguish one voice 
from another, so the different harmonics contained 
in the sound waves produced by different musical 
instruments playing the same note enable him to 
distinguish one instrument from another. Middle 
C struck on a piano is distinguished easily from 
the same note played on a violin. Tt is largely the 
richness in harmonics of a musical sound that 
makes it pleasing to the ear. Chords are pleasing 
because all the harmonics of the individual notes 
blend. The waveform of a musical note is illus- 
trated in B. 


d. Noise. Noise can be distinguished from 
either speech or music by the irregularity of its 
waveform. An examination of the waveforms 
illustrated shows that the waves of the sounds of 
speech and music are similar in that they have 
regularity of variation. In both, portions of the 
wave recur at regular intervals; but this is not true 
of the waveform representing noise, in C. Noise 
results in a relatively unpleasing sensation. It 
rarely has any perceptible rhythm, and its fre- 
quency content is difficult to determine, The ran- 
dom or background noise In a room often has a 
disturbing effect on a listener, and actually may 
render a conversation unintelligible, Distorted 
speech or music also may be mere noise when it 
becomes unintelligible, 


8. Characteristics of Sound 


Every sound made by musical instruments and 
the human voice has three identifying properties 
or characteristics: pitch, loudness, and quality. 

a. Pitch of Sound, Pitch is the relative high- 
ness in frequency of a sound, and its value depends 
on the frequency of the wave, which in turn de- 
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Figure 6. Waveforms of speech, niusic, and noise, 


pends on the number of vibrations or cycles (per 
produced by the vibrating body. the 
igher in piteh than es volte 
of a basso, the yowling : SG iat eit 
pitch than the roaring a Be , is Dc iin 
ara peanut vendor’s whistle 1s higher 1m } um 
° a5 rae Sesh one ‘The pitch of 2 COMB Ie ge 
‘s determined by the fundamental are ae 
higher the frequency, the higher the piteh.  ~ 
lowest musical soun 
has a frequency of about 
a frequency of about 20,000 ey cles: ane 
the sound produced by the vibrating es 
blade to be audible, 1t must vibrate at a rate be- 
tween 20 and 20,000 vibrations per secon d, Simee 
sounds having frequencies appreciably above 20,- 
000 cycles are beyond the audible range, they are 
called ultrasonics. ‘Them usical standard ot pitch 
+s the note middle C, which has a frequency of 256 
vibrations per second. Sin te | 
b. Loudness of Sownd. The loudness or in- 
tensity of a sound refers to a sensation ereated in 
the human ear. Since estimates of loudness mace 
by people vary vreatly, a standard instrument 
must be used to measure loudness aceu ‘ately. So 
measured, the loudness of a sound 1s found to de- 
pend on two factors: the amplitude of vibration of 
the source, which determines the amplitude of the 
sound wave produced, and the distance between 
the source and the measuring instrument or ear. 
With constant distance and a uniform medium, 
the loudness of a sound depends only on the am- 
plitude of vibration of the source. The harder 
the prong of a tuning fork is struck, the harder a 
drum is beaten, the larger is the amplitude of 
vibration, and the louder the sound produced, since 
the amplitude of vibration depends on the mitial 
energy imparted. Sound usually is measured in 
watts per square centimeter. Figure 7 and table | 
illustrate relative intensity of some commonly 
heard sounds. , 
e. Quality of Sound. The third characteristic 


second ) ) 
voice of a soprano is h 


90 eyeles; the highest has 


of sound, quality, sometimes called timbre, is vital - 


to the recognition of sounds and voices. The note 
A played on a violin has a special quality (peculi- 
arity) which the same note played on a flute does 
not have: A note from a violin is recognized as 
coming from a violin; a note from a {lute is recog- 
nized as coming from a flute. A sleeping mother 
wakes at the ery of her own child but not at the 
ery of the one next door, because even though 
asleep she recognizes the particular quality of the 
voice of her own child. Much of this recognition 


d that the human ear can detect 


In order for 


Table I, 
‘a i A : * {Tee “s a ae 
Sound (Witts/cm®) | Description 


Relative Intensity 





a 


I 
10-8 | Deafening, 


Artillerv, thunder, nearby riv- 
eter, boiler factory. 


; ny-7 | Very loud. 
Loud street noise, NOISY fae- I) | 


tory, unmuffled truck, police 
whistle, 


x e ul Loud, 
Noisy office, average streel 10) 


Hoise, average radio, average 
factory, 


Noisy home, pO-t Moderate. 


average oalfice, 
average conversation, quict 
radio, 


‘ : ¥ 4) aint. 
Chuet home, private office, av- | 10 
erage auditorium, quiet con- | 


versation, 


Kustle of leaves, 
soundproof room, 


whisper, 197% | Very fait, 


Nolte, 10-°=1 10-'=.00001 
10-7=1 10-7 =.0000001 


of quality depends on the particular combination 
of harmonies contained in the sound, as has been 
explained; the rest depends on the frequencies 
and intensities of the harmonies of the sound, rel- 
ative to the fundamental. A particularly pleasing 
voice (for other than sentimental reasons) 18 gen- 
erally a voice rich in overtones. Note that. the 
word quality has two meanings, 2 lesser one a5°0- 
ciated with pleasantness and a principal one asso- 
ciated with identity. To any individual, the qual- 
ity of a particular sound may or may Hot be 
pleasant, but the quality helps to identify the 
object or instrument or person that is its source. 


9. Characteristics of Speech 


a, Human speech has all the baste chavacter- 
istics of sound, as previously explained, but it has 
in addition certain peculiarities of its own. lhe 
vocal cords are the vibrating source in the pro- 
duction of most vocal sounds. ‘They are vibrated 
by the power of the air stream foreed between 
them by the lungs. Vocal cords can be compared 
to the vibrating strings of a violin, which changes 
pitch by varying the length of strings of different 
thicknesses. The range of pitch of the voice 18 
determined similarly, the vocal cords becoming 
thicker and shorter, or thinner and longer, while 
speaking, The power furnished by the lungs de- 
termines the loudness or volume of the sound pro- 
duced. Thus, we are aware usually of the greater 
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Relative intensity of natural sounds. 


effort required to shout than to whisper. This 
action of the lungs in generating power is like the 
compressive action required in the playing of an 
accordion. 

b. The throat, mouth, and nasal passages con- 
tribute to the quality of the sound produced by 
the voice. Also, the size and shape of the tongue, 
the palate, the jaws, and the lips vary the size and 
shape of the vocal passages and, therefore, deter- 
mine the number and proportions of the various 
harmonic frequencies in the resulting sound, 
Even the upper nasal cavity and the bone structure 
of the head affect the quality of the voice; they 
reinforce some of the harmonics and weaken oth- 
ers. The action of these organs can be compared 
to the action of various wind instruments, differ- 
ences in size and shape and materials affecting the 
quality of the musical sounds produced. 


10. Inflection 


The inflection or modulation which is imparted 
to the human voice in speaking indicates to a 
great extent the thought of the speaker and the 
significance of what he says. Inflection is the 
small variation in pitch or loudness which «a 
speaker uses to place emphasis or special meaning 
on his words. <A crisp no and a long-drawn-out 
no-o-o mean different things, even though both 
sounds essentially are the same. Inflection is also 
the use of pauses of varying length for imparting 
meanings. ‘Thus, different inflections are used for 
commands, questions, or statements of fact, and 
to express attitudes, feelings, and emotions, In- 
flection is an important factor in determining the 
intelligibility of a spoken word or phrase, and 







therefore persons who use devices or equipment 
for the transmission of speech—telephones and 
microphones—must be conscious of their speech 
habits. They must concentrate on correct inflee- 
tion and on the shaping of their tones, so that as 
much as possible of the meaning of their words 
is transmitted to their listeners. Vowel sounds 
must be made with the proper amount of mouth 
opening, and consonants must be formed by the 
correct placement of the tongue and lips. 


11. Frequency Range of Voice Sounds 


a. The frequency range of the voice is one of the 
most important factors affecting the design and 
construction of telephone lines and equipment. 
Figure § illustrates the frequency range of the 
piano keyboard, together with the ranges of the 
voices of men and women and those of a number 
of musical instruments. The sounds of the normal 
speaking voice contain fundamental frequencies 
between LOO and 300 cycles. The overtones con- 
tained in these sounds extend the range of fre- 
quencies to approximately 5,000 cycles. Voices of 
different individuals vary in their frequency con- 
tent. Men usually have voices with lower funda- 
mental and harmonic frequencies than those of 
women and children, The range of fundamental 
frequencies of the singing voice is greater than 
that of the speaking voice; it varies from about 
80 cycles for a deep bass to about 1,200 cycles for 
i high soprano. The overtones contained in the 
sounds of the singing voice reach as high as 10,000 
cycles. For purposes of comparison, the fre- 
queney range of the instruments of a symphony 
orchestra includes fundamentals of about [6 te 
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Fundamental frequency ranges of instruments and voices. 


4,000 cycles, with overtones ranging to 12,000 
cycles or higher. 

b, Beeause of the greater range of frequencies 
contained im musical sounds—voice and instru- 
ment—telephone circuits designed for their trans- 
mission must be more complex, and must be con- 
structed to more rigid specifications, to prevent 
distortion. ‘This increases both the initial cost of 
the equipment and the expense of maintaining it. 
For transmission of ordinary conversation, how- 
ever, it has been found that a sufficiently high cle- 
vree of intelhg@ibility ean be achieved if the Tre- 
quencies transmitted are limited to those between 
upproximately 200 and 2,700 eyeles. "This is the 
range of frequencies with which the various cir- 
cuits and equipment to be discussed in this manual 
are concerned, 


12. Sound Power 


The power contained in the sounds of speech 
depends on the power furnished by the Jungs. 
It varies considerably during an ordinary conver- 
sation, with the inflections given to the voice. 
The average power contaimed in speech at a nor- 
mal conversational level is about, 1/100,000 watt, 
or 10 microwatts. By comparison, the average 
power of speech conducted as loudly as possible 
is about 1,000 microwatts. Words spoken in as 
weak a voice as possible, without whispering, have 
an average power of about 1/10 microwatt; words 
whispered may have an average power as low as 
L/1,000) microwatt. In ordimary 
vowels contribute the greatest power, reaching a 
inaximum of about 2,000 microwatts. ‘The power 
in speech sounds is an important factor in the 
design and operation of telephone equipment, be- 
‘ause the equipment must be able to respond to 
the differences in power delivered by the voice. 


speech, the 


13. Hearing 


a, Hearing is the perception of sound by the 


brain. It involves the response of the ear to sound 
waves, the transmission of impulses through 


nerves to the brain, and perception by the brain 
of the transmitted intelligence. ‘There is a meas- 
urable variation among individuals im the ability 
to hear, since hearing for a given person depends 
on the loudness and piteh of the sound. An ap- 
proximate determination of hearing ability in 
(erms of loudness only can be made by measuring 
the maximum distance at whieh the ticking of a 
wateh can be heard. A more complete and aceu- 


ore 


a 


— 


rate method involves the use of a device called an 
wudiometer, The audiometer enables an expert- 
enced operator to construct a scientific graph of 
the hearing ability of an individual. This graph 
then may be compared to what generally is ac- 
cepted as normal hearimg ability. The audio- 
meter consists of a calibrated audio oseillator, the 
frequeney and unplitude of which may be varied, 
and a telephone receiver for the reproduction of 
sound waves. ‘The frequency can be varied from 
0 eycle to about 25,000 cyeles per second, and the 
amplitude can be adjusted to make the intensity of 
the sound (loudness) vary through a wide range. 

6. In conducting a test with the audiometer, 
the instrument first is adjusted to any chosen fre- 
queney—for example, 1,000 cycles—then, at that 
frequency, adjusted to an amplitude so low that 
the sound from the receiver is inaudible. The 
amplitude then is increased gradually until a point 
is reached where the sound becomes just percep- 
tible to the ear of the person being tested. This 
point is called the threshold of audibility for that 
frequency. For any given frequency, it is the 
lowest intensity at which sound is audible. In the 
normal ear, the threshold of audibility varies with 
the frequency of the sound, so that its ability to 
hear some frequencies is greater than the ability 
to hear others. In addition to this variation, the 
threshold audibility for different frequencies 
is different for different individuals. For these 
reasons, a number of frequencies are tested in the 
measurement of hearing with anaudiometer. The 
lower curve of figure 9 shows how the average, or 
normal, threshold of audibility varies with sound 
frequency. ‘The dip in the lower curve indicates 
that the average ear is most sensitive to frequencies 
in the vicinity of 2,000 cycles. Asa person grows 
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older, the ability to hear sounds of higher frequen- 
cies gradually diminishes. 

ce. Asthe amplitude of a sound wave is increased, 
the sound becomes louder, until a point is reached 
where the sound is no longer heard. The body 
continues to feel the vibrations, however, If the 
amplitude is inereased still further, a point is 
reached where there is a sensation of pain, This 
point is called the threshold of feeling, and it, also, 
varies with frequeney and with the individual, 
The upper curve of figure 9 shows the threshold of 
feeling of the average person, and how it varies 
with frequency. 


14. Face-to-Face Conversation 


A. statement of the larger factors involved in 
face-to-face conversation will prove of value in 
helping the reader to grasp the more complex prob- 
lems encountered in the transmission of sound over 
telephone wires. In face-to-face conversation, the 
speech sounds of one person are transmitted to the 
ears of another by means of the intervening air. 
The distance between the individuals usually is 
small, so that there is very little loss (attenuation) 
of power in the transmission process, and the 
speakers may keep their voices at a normal conver- 
sutional level. One is accustomed to the way the 
voice of an acquaintance sounds during face-to- 
face conversation, and hears in the voice what he 
feels is complete naturalness of tone and quality. 
(He even hears in his own voice what he thinks is 
complete naturalness of tone and quality, although 
surprised at the differences revealed by a voice 
recording.) Also, in face-to-face conversation, 
additional meanings are received from the facia] 
expressions and gestures which accompany the 
spoken words. ‘This is an important factor, espe- 
cially for the many people who are hard of hearing, 
for it aids in comprehension of the ideas being 
transmitted, It also helps any listener to concen- 
trate on conversations taking place amid sourees 
of distraction, such as other conversations and 
unusual noise. 


15. Conversation by Telephone 


The relatively low power of speech sounds limits 
the maximum distance over which individuals may 
conduct face-to-face conversation. An attempt to 
converse at greater distances usually results in a 
lower degree of intelligibility, For communiea- 
tion over greater distances, some other means of 
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transmitting the voice is requived, and the tele- 
phone is the simplest device for this purpose. 
However, although the telephone sueceeds in per- 
forming this primary function, its operation pre- 
sents some rather complex problems which do not 
eecur in transmission of sound through air. These 
problems include distortion of the sound, noise 
generated mechanically and electrically in the 
telephone system, noise from external sources, the 
cutting off of some of the low- and high-frequency 
components of the sound, and the reduction in 
volume (attenuation) which occurs in long-dis- 
tance transmission. All of these problems tend to 
reduce the intelligibility of the words, the natural- 
ness of the tone, and quality of the sound. They 
arise from the wires, from the component parts of 
the equipment, and from the associated circuits 
required for the generation of power, The engi- 
neer must take account of these problems in de- 
signing telephone equipment, and both the operator 
and the maintenance man must be familiar with 
them to secure the best possible operation of the 
equipment. Particularly, distortion of sound and 
distraction from external sources must be kept at 
i Minimum, since personal contact, so important in 
face-to-face conversation, is lacking. 


16. Summary 


ad. Sound waves are caused by the vibration ofa 
rigid or semirigid body. 

6. The transmission of sound always requires a 
medium; the transmission of light or electromag- 
netic waves does not require a medium. Air is 
usually the medium for sound transmission, but 
either liquid or solid mediums ean be used. 

¢. Vibrating bodies set up alternate condensa- 
tions and rarefactions in adjacent groups of air 
particles. These particles transfer their motion 
In (urn to the next group, and this continuing ac- 
tion produces a waye of energy. 

d. A cycle is a complete set of pressure values, 
from one positive peak to the next, anywhere along 
the path of the wave. The maximum pressure 
ailue, measured from the zero axis, 1s called the 
amplitude of the wave. 

é. Wavelength is the actual distance between 
suecessive condensations or successive rarefactions 
tlong the path of the sound. 

/. The time required for 1 eyele is called the 
period of the wave. 

7. Frequency is the number of cycles per second, 


h. The velocity of a sound wave is the distance 
the energy travels in a unit of time, usually ex- 
pressed as feet per second. ‘The velocity of sound 
in air is 1,090 feet per second at 0° C, and 1,130 
feet. per second at 20° C. By comparison, hght 
and electromagnetic waves travel at a velocity of 
186,000 miles per second. 

i. The wavelength of a sound wave can be cal- 
culated by the following relationship: 


velocity 


wavelength= frequency 


j. The frequency range of audible sound is ap- 
proximately 20 to 20,000 cyeles per second. 

kt, In air and ata velocity of 1,100 feet per sec- 
ond, the wavelength of the audible frequencies 
‘anges from 55 feet to approximately two-thirds 
of an inch, 

/. Sound waves may be simple or complex. A 
simple sound wave is a wave made up of a single 
frequency varying sinusoidally. A complex 
sound wave is one made up of more than one fre- 
quency. 

m. The lowest frequency present in a complex 
waveform is called the fundamental frequency. 
Whole-number multiples of the fundamental fre- 
quency of a sound wave are called harmonies or 
overtones. The fifth harmonic of a 1,000-cycle 
sound is 5,000 eyeles. 

n. Pitch is the relative frequency of a sound, 
Loudness or volume is the relative amplitude of 
the wave producing a sound, 

o. Quality or timbre is that charactertistic of a 
sound which makes it recognizable as a certain 
kind of sound. Quality depends on the number 
of harmonies present and on the relationship be- 
tween the fundamental and its harmonics. 

p. A musical tone is a complex but regular 
waveform rich in harmonics; noise is a complex 
but irregular waveform. | 

g. Muman speech is characterized by its quality, 
inflection, and range. Inflection is the small vari- 
ation in pitch or loudness which a speaker uses to 
place emphasis or special meaning on his words. 

ry. The sounds of the normal speaking ‘voice are 
at fundamental frequencies between 100 and 300 
cycles. The overtones contained in these sounds 
extend the voice range of frequencies to approxi- 
mately 5,000 cycles. 

s. The range of fundamental frequencies of the 
singing voice varies from about 80 cycles to 1,200 


cycles; the overtones reach as high as 10,000 cycles. 

¢. ‘The range of fundamental frequencies of a 
symphony orchestra varies from about 16 to 4,000 
eyeles, with overtones to 12,000 cycles or higher. 

u. Most telephones are limited in frequency re- 
sponse to the range from 200 to 2,700 cycles. 

». Speech transmitted by telephone introduces 
some distortion, noise, and frequency limitation, 
‘ansing loss in intelligibility, naturalness, and 
quality. 

mw, The average power contaimed in speech at 
a normal conversational level is about 10 micro- 
watts; at the loudest level it is about 1,000 micro- 
witts: at the weakest level it is about 1/10 of a 
microwatt: at a whisper it is about 1/1,000 of a 
microwatt, 

wv. For any given frequency, the threshold of 
audibility is the lowest intensity at which sound 
is audible, the threshold of feeling being the lowest 
intensity causing a sensation of pain. 


17. Review Questions 


a, Tlow is sound produced? 

b. How can it be demonstrated that a medium is 
necessary for the transmission of sound? 

e. Explain how a vibrating body transmits its 
motion to the adjacent air particles. 

d. Define (1) frequency, (2) wavelengths, (3) 
cycle, (4) period, (5) velocity, and (6) amplitude. 

e. What is the velocity of sound in air at 0° C. 
and at 20° C.% 

j. Give the formula for determination of wave- 
length by velocity and frequency. 

g. Thunder is heard 10 seconds after a lightning 
flash is seen. If the temperature of the air is 
20° C., how far away did the lightning strike? 

h. What is the wavelength in air of a 2,500- 
cycle sound, if the velocity is 1,100 feet per second ? 

i. What are the differences between simple and 
complex waveforms 4 

j. What is the difference between the funda- 
mental frequency of a sound wave and its har- 
monies and overtones ? 

k, What is the frequency of the first harmonic 
of a 400-eyele note? Of the fourth overtone of 
middle C% 

/, Define (1) pitch, (2) loudness, and (3 
quality, | 

m. Tow does noise differ from speech or musical 
sounds 4 
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n. What is the range in frequency of a normal 
speaking voice? Of singing? Of a symphony 
orchestra ? 

o. What is inflection ? 

p. What is the approximate frequency range of 
the human ear? 

q. What is the frequency range of a telephone 

vy. What is the average power, approximately, 
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in the sound of (1) the normal speaking voice, (2) 
a loud shout, and (3) a whisper? 

s. Define (1) the threshold of audibility, ang 
(2) the threshold of feeling. 

¢. What are some of the advantages of face-to. 
face conversation 4 

u. What factors must be overcome in the trans, 
mission of sound by telephone ? 


CHAPTER 2 
TRANSMITTERS AND RECEIVERS 





18. Introduction to Telephony 


a. Historical Background of Telephone. 
(1) The combination of principles on which 


the operation of the telephone is based 
was <liscovered in 1875 by Alexander 
Graham Bell. At once, Bell started a 
series of experiments to perfect practical 
instruments for the transmission of sound 
over wires. After 9 months, the first com- 
plete sentence was transmitted, over an 
indoor line extending a distance of about 
150 feet. By 1877, an outdoor line from 
Boston to Cambridge, a distance of about 
2 miles, was in use. The early instru- 
nents were crude and not too effective. 
They operated on the principle that a 
diaphragm, vibrating in a magnetic field, 
can induce an electric current in a wire. 
The same device was used as both trans- 
mitter and receiver. The strongest mag- 
nets and best diaphragms then available 
would not permit transmission over long 
distances. 

One year after the invention of the origi- 
nal telephone, however, the perfection of 
the Blake transmitter made possible 
good, practical telephone transmission. 
This transmitter operates on the prin- 
ciple that the vibration of a diaphragm 
can vary the stvength of an already ex- 
isting electric current. Immediately, the 
problem was presented of establishing a 
means to connect the lines of different 
subscribers, whenever they wished to talk. 
This problem was overcome in 1878 with 
the opening of the first central ollice, or 
exchange, in New Haven. By 1900, 
means were evolved for the telephone 
user and exchange to signal (ving) each 
other when calls were to be mitiated or 
completed. Present-day telephone sys- 
tems provide vast improvements over 
those of earlier design and construction 
in the distances over which satisfactory 


transmission can be accomplished, de- 
pendability of established plant facilities, 
and the quality of the reproduced signals. 


6. Lasie Functions of Telephone System. 
(1) By means of the telephone, conversa- 


(2) 


“. Funetion of Lelephone Transmitter. 


corresponding waveform and frequency, 


tions may be held over great distances, 
To accomplish this, the sound waves of 
speech must be converted into a form of 
energy that can be transmitted efficiently 
over wires. The conversion is effected 
by electrical waves (current) in the ¢rans- 
mitter of the speaker’s telephone set. 
There, electrical waves are created which 
correspond to sound waves both in wave- 
form and frequency. The electrical waves 
are transmitted over the wire, or ¢rans- 
mission line, and enter the receiver of the 
listener's telephone set. The receiver con- 
verts the electrical waves back into sound 
waves which, again, correspond in wave- 
form and frequency to the original sound 
waves, The listener in his receiver thus 
hears words corresponding to those 
spoken into the distant transmitter. 
This process is shown in block form in 
figure 10. Above, on each side, is a graph 
of the sound waves as spoken and heard. 
The electrical wave is shown in the cen- 
ter, 

The fundamental principle of the tele- 
phone can be summarized by the explana- 
tion that electrical waves, traveling over 
Wires, are substituted for sound waves, 
traveling in air, over the major portion 
of the distance separating the speaker and 
listener. Various types of telephone sys- 
tems are in use, but this underlying prin- 
ciple is common to them all. 


19. Telephone Transmitter 


The 


function of the telephone transmitter is to convert 
waves of sound into waves of electric current of 
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Figure 10. Transmission of sound bi telephone, 


energy of the waves of electric current so gen- 
erated must travel over wires for relatively long 
distances, and arrive at the receiver at a level 
providing normal listening. But energy is lost 
in transmission over wires. Because of this loss, 
the initial energy of the electrical waves must be 
made greater than the original energy of the sound 
waves. The cirewit of the transmitter therefore 
must provide a means of supplying this extra 
energy to the electric waves which 1t generates. 
b. Telephone Transmitters. 

(1) Paragraph 18@(1) describes the principle 
of operation of the earliest type of instru- 
ment used as a transmitter, This type of 
transmitter had a coiled wire wound 
around one pole of a permanent magnet, 
and a thin metal wafer of magnetic ma- 
terial, called the diaphragm, mounted ad- 
jacent and at right angles to the magnet, 
Sound waves colliding with the dia- 
phragm would cause it to vibrate at a 
frequency determined by the frequency 
of the condensations and rarefactions of 
the air molecules, as illustrated in figure 
4. Tt will be understood that the in- 
tensity of these condensations and rare- 
factions vary with each change in char- 
acteristic among the various sound waves, 
and that the amplitude of each dia- 
phragm motion also will be affected by 
the same conditions; accordingly, the fre- 
quency and the amplitude of the dia- 
phragm vibrations will cause the density 
of the magnetic field, in which it is lo- 
ated, to change with each change of po- 
sition of the diaphragm. Since this 
varying magnetic field is cutting across 
the coiled wire, a voltage is induced in 
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the wire. ‘The voltage thus induced 1s 
alternating, since all induced voltages are 
alternating voltages, 

If two wires now are connected to the 
coiled wire ends and their extremities are 
connected in turn to another mstrument 
similar in construction to that deseribed 
in (1) above, the induced a-e yoltage 
will cause a variation in the strength of 
the associated permanent magnet, and, 
since the strength of the permanent mag- 
net field determines the instantaneous po- 
sition of the diaphragm, each change 1m 
current intensity and direction of flow 
will cause a change in the position of the 
diaphragm. Because these changes are 
at the same frequency as those of the 
diaphragm at the originating point, the 
diaphragm at the terminating point will 
reproduce the same waves established 
originally. 

This entire process encompasses the 
changing of sound energy into electric 
energy, transmitting the signals elec- 
trically and then reconverting the elec- 
tric energy into sound energy. 

The distance of which this process can 
be applied usefully is quite limited, since 
no provisions are made for amplifying 
the original energy provided by the sound 
waves present at the originating end, If 
all of this energy could be reserved for 
operating the diaphragm at the distant 
end, the distance between telephones 
could be extended almost indefinitely ; 
however, this cannot be so, because part 
of the original energy is used in over- 
coming the inertia of the adjacent dia- 


(1) 


phragm; there are, also, further energy 
losses in the connecting wire, in the coils 
at both ends of the connections, in the 
two permanent magnets, and again in 
overcoming the inertia of the diaphragm 
at the distant end. The useful energy 
then is that which appears as sound at 
the distant end and it can be only the 
original energy minus all the energy 
losses. 

The only source of power furnished the 
instruments discussed above is that sup- 
plied by the person speaking, assuming 
speech transmission. Such transmission 
thus is said to be accomplished by use of a 
sound-powered transmitter, which is dis- 
cussed further in chapter 8. As a matter 
of interest, such a transmitter actually is 
used in present-day communications as a 
receiver. As explained in paragraph 12, 
the average power contained in speech at 
a normal conversational level is about 10 
microwatts. It is this power limntation, 
plus the lack of amplifying facilities, 
that limits the distances over which such 
instrumentalities can provide satisfactory 
sound transmission. 

The transmission limitations of the 
sound-powered transmitter were over- 
come with the advent of the carbon 
transmitter, the operating principles of 
which are described below. 


20. Carbon Transmitter 


a. Operating Principle of Carbon Transmitter. 


The operating principle of the carbon 
transmitter can be explained with the 
help of the simplified cirenit shown im 
figure 11. The circuit consists of battery 
B and variable resistance R which repre- 
sents the variable resistance of the carbon 
eranules. Assume that the battery has 
an emf (electromotive force) of 6 volts, 
and that R may be varied from 0 to 1000 
ohms, with a normal setting of 300 ohms. 
The normal or average value of current 1 
that flows is 6 volts divided by 300 ohms, 
or 20 ma (milliamperes). If the resist- 
ance, R, is reduced to 240 ohms, the cur- 
rent imcreases to ma, and if the 
resistance is reduced further to 200 ohms, 
the current increases to 30 ma. Simi- 
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Hquivatent circuit of carton transmitter. 


larly, if R is increased to 400 ohms, the 
current decreases to 15 ma, and if K is 
increased further to 600 ohms, the current 
decreases to 10 ma. If the resistance is 
varied continuously about its normal 
value of 300 ohms in a certain manner, 
the variations of current about its average 


value of 20 ma ean be tabulated as 
follows: 
Time Resistance Current 

(milliseconds) (ohms) (milliamperes) 

Aen ee Sie Pe i 4 SO) 20. 0 

F See : 240 25. 0 

rane = pane he, 3 209 | 28. 7 

Seed ans 200 | 50. 0 

tee 209 | 28. 7 

Feta te 240 | 20. 0 

Pe oni as 300 | 20. 0 

eee oe a eee 400 | 16. 0 

Sec = od | ll. 3 

seneneaes HOO 10. 0 

Ee 531 ll. 

ee en | 400 15. 0 

= 300 20. 0 


Figure 12 shows the graph of current 
versus time constructed from this tabula- 
tion. ‘The current waveshape is one of 
pulsating direct current. This consists 
of an a-c (alternating-current) wave 
superimposed on a d-c (direct-current). 
or average, value of current. ‘The d-c 
component is 20 ma, and the a-c compo- 
nent is a sine wave with an amplitude of 


Me. 


10 ma. The period of the wave, or the 
time for 1 cycle, is 4 milliseconds, or .004 
second. The frequency of the wave can 
be caleulated by using the formula: 


oy ll 


period 


coal 
= 004 =250 cycles. 


The rate at which the current varies 
about its average value depends on the 
rate at which the resistance is varied 
about its normal value. 
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Frgwre 12.) Current versus time. 


b, Application of Operating Principle To Car- 
bon Transmitter. A, figure 13, illustrates the 
operation of the carbon transmitter, the principle 
of which is based on the simplified circuit in figure 
11. The basic circuit components are battery, B, a 
cup of carbon granules, C, metal diaphragm, D, 
and an induction coil. The negative terminal of 
the battery is connected to a small carbon disk 
which is fastened rigidly to the diaphragm. This 
disk rests against one side of the cup of earbon 
granules; the other side of the cup is connected to 
one end of the primary of the induction coil. The 
circuit is completed by the return of the primary 
to the positive terminal of the battery, ) 

(1) When no sound waves strike the dis- 
phragm it remains stationary, the resist- 
ance of the carbon granules remains con- 
stant, and, as a result, a steady direct 
current flows through the cireuit (A, 
fir, 13). The value of this current de- 
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pends on the combined resistance of thy 
carbon granules and the d-e resistance of 
the primary of the induction coil. Since 
an induction coil is, effect, a trang. 
former, no emf is induced im the second. 
ary when steady direet current flows 1 
the primary. Therefore, when no sound 
enerey is transferred to the diaphragn 
(that is, when the diaphragm does Not 
move), no current flows in the secondary 
of the induction coil. The normal tes 
sistance of an actual new transmitter unit 
is approximately 35 ohms: the d-c resists 
ance of the primary of the induction coll 
varies with the type of coil used. These 
coils will be discussed more completely 1 
a later chapter. 

When sound waves strike the diaphragn), 
it vibrates in accordance with the varias 
tions of intensity and frequency of the 
waves (A, fie. 13). This vibration causes 
a varying pressure to be exerted on the 
carbon granules, which changes thei 
state of compression. As {he compression 
inereases, the resistance of f the granules 
decreases, causing the current in the cli 
cuit to inerease. As the c ompression le- 
creases, the resistance of the eranules in- 
creases, causing the current to decrease. 
Because the amplitude and frequency of 
the current. vary directly as the amount 
and rate of change of the compression 
of the carbon granules, they vary as the 
amount and rate of change of the pressure 
exerted on the diaphragm, and, therefore, 
vary as the intensity and frequency of the 
sound waves which strike the diaphragm. 
The varying current is a pulsating direct 
current, (Figure 12 shows such a cur- 
rent, resulting from a simple wave. The 
a-c component of a current resulting from 
speech is, of course, a complex wave, but 
again if is superimposed on a cirect cur- 
rent to form a pulsating direct current.) 
Because the emf induced in the secondary 
(A, fig. 
component of the current in the primary, 
an alternating emf is induced in the sec- 
When a load, such as a meter or 


13) depends only on the varying 


ondary. 
receiver, is connected to the secondary, an 
alternating current flows in the secondary 
cireuit. 






A. Circuit. 5b. 
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21. Structure of Carbon Transmitter 


a, B, figure 13, shows the front view and a cross- 
sectional side view of a carbon transmitter, This 
unit is one of several types in common use, all with 
a similar basic structure. The path of current 
within the unit is from the moving front electrode, 
which is fastened to the diaphragm, through the 
carbon granules, to the back electrode. A bell- 
shaped carbon chamber is used, so that there is 
suflicient contact between the carbon granules and 
the electrodes. Since the contact is uniform, and 
operation is equally good in whatever position the 
transmitter is held, this is called a nonpesetional 
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Carbon transmitters. 


transmitter, The moving front electrode exerts 
varying pressure on the granules in accordance 
with the vibration of the diaphragm, and the trans- 
mitter consequently is of direct-action type. As 
the diagram shows, the moving electrode is at- 
tached to the center of the conical diaphragm, and 
forms the front center surface of the carbon 
chamber. 

b. The diaphragm is made of an aluminum alloy 
(B, fig. 18). Its thiekness is .003 inch, and it has 
radial ridges to increase its stiffness. Paper 
i of a number of thin paper 
rings, support the diaphragm at its edge without 
interfering with its movement. The carbon cham- 


spacers, consisti 
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ber is closed on the front side by a silk covering, 
clamped on the flange of the front electrode. A 
light, spoked, copper contact member, clamped 
under the front electrode, provides a flexible con- 
nection between the front electrode and the metal 
frame. The stationary back electrode is held in 
place in the frame by a threaded ring, and is in- 
sulated from the frame by a fiber washer and a 
ceramic insulator, which also forms part of the 
rear surface of the carbon chamber. ‘The surfaces 
of both front and back electrodes are gold-plated 
where they make contact with the carbon granules, 
The perforated brass grid protects the vibrating 
parts from mechanical injury. The working parts 
are kept free of moisture by an oiled-silk mem- 
brane stretched between the brass grid and the 
diaphragm. 

e. The transmitter unit is mounted in a handset, 
as shown in the disassembled view of figure 22. 
It is held in place by the transmitter cap, along 
with contact springs which press against its con- 
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tact. The unit may be removed for servicing by 
unscrewing the plastic cap or mouthpiece. 

d. An improved type of carbon transmitter iS 
shown in figure 14. The frequency response of 
this unit has been improved by use of an acoustic 
network which couples the back chamber of the 
diaphragm through an acoustic resistance to the 
cup chamber. Woven rayon fabric is used for the 
acoustic resistance material. ‘This transmitter, 
addition to an improved frequency response, has 
Note that the dia- 
phragm of this transmitter is clamped rigidly at 


a high modulation efliciency. 


its outer edge, whereas the diaphragm of the ele- 
ment in B. figure 13, is floated between paper 


spacers. 


22. Noise-Canceling Transmitter 


a. The transmitter shown in B, figure 13, has @ 
major disadvantage in that it is susceptible to m- 
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Figure 14. Madern transmitter. 
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terference from noise. This disadvantage is most 
noticeable when the transmitter is operated in 
places where the noise level is high, such as near 
railroad trains, airfields, the interior of tanks, and 
areas where gunfire or bombardment is taking 
place. 

6. A number of transmitters have been devel- 
oped which reduce interference from noise sources. 
Among’ these are the throat transmitter and vari- 
ous kinds of directional transmitters, which re- 
strict the movements of the operator and produce 
some distortion of his speech. Recently, however, 
.a transmitter has been developed which largely 
eliminates noise interference without restricting 
movement. It is called a noise-canceling or differ- 
ential transmitter, 

e. The United States Army Type T-46 lip 
transmitter is an example of this type. In opera- 
tion, sound waves activate its diaphragm only if 
they are introduced close and perpendicular to the 
front surface of the diaphragm. Sounds which 
originate at some distance enter the transmitter 
through two openings, on the front and back of 
the diaphragm. Since this equalizes the pressure 
exerted on both faces, the resultant motion of the 
diaphragm for distant sounds is practically zero. 
There is almost no change in the resistance of the 
carbon granules and, therefore, almost no change 
In current as a result of these sounds. Since, in 
responding to distant sounds, the diaphragm neu- 
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tralizes pressures of relatively low frequencies 
more than those of high frequencies, the noises 
most canceled are those originating in tanks and 
from gunfire, mainly in the low-frequency range. 
By proper design, it is possible to make the cancel- 
lation of noise practically complete. This feature 
makes the differential transmitter much more suit- 
able than others for many military applications, 
and also makes it valuable for many civilian uses. 


23. Telephone Receivers 


a. Function of Telephone Receiver. The fune- 
tion of the telephone receiver is to reproduce the 
sound made in the transmitter at the other end of 
the transmission line. It is accomplished by re- 
converting to sound waves the electrical waves 
transmitted to it. ‘The function of the receiver, 
therefore, is the reverse of that of the transmitter. 
‘The receiver also must prevent leakage of sound. 
This requirement is satisfied by the construction 
of the earpiece, which is designed to be held close 
to the ear, 

b. Types of Telephone Receivers. According 
to their means for converting electrical waves to 
sound waves, telephone receivers may be either 
magnetic-diaphragm or moying-conductor types. 

(1) The magnetic-diaphragm recemer (A, 
he, 16) contaims a permanent magnet, 
and operates by variation of the strength 
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Fimure 16. Comparison of operating principles of tico 
receivers, 


of its magnetic field. The amplitude and 
frequency of the variation of the mag- 
netic field cause a corresponding varia- 
tion of the motion of the magnetic dia- 
phragm. This is the receiver most com- 
monly used in telephone communications. 


(2) The moving-conductor receiver, shown in 
B, also contains a permanent magnet, but 
it operates on the principle of the elec- 
trical meter. The moving conductor is 
usually a coil or ribbon of aluminum 
alloy, attached to the diaphragm. As 
the current in the coil varies, the mag- 
netic field around the coil varies. This 
varying field reacts with the field of the 
permanent magnet, causing the coil to 
vibrate, The vibrations of the coil are 
transferred to the diaphragm, which 
generates sound waves of the same fre- 
quency and waveform characteristics as 
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the current im the coil, ‘The moving 
conductor receiver is called also the 
moving-coil receiver and the dynamic re 
ceiver. The dynamic loudspeaker used 
in radio receivers is similar to it in actions 


24. Magnetic-Diaphragm Receiver 


a. Operating Principle of Magnetic-Diaphragm 
Receiver, The operating principle of the mad 
netic-diaphragm receiver (fig. 17) is based on an 
elementary principle of magnetism—the ability of 
a magnet to induce a magnetic field of opposite 
polarity in a magnetic material placed near ib 
Because the induced polarity is opposite, attrac 
tion always results between the magnet and the 
material. For example, a magnet and an irof 
nul are attracted to each other. 

(1) When a magnetic diaphragm is placed 
near the bar magnet, as in A, and its 
range of motion is limited suitably, it will 
be attracted to the magnet without actu- 
uly touching it. ‘The magnet exerts ? 
permanent pull on the diaphragm. If @ 
coil is wound around the magnet as in B, 
C, and D, and current is caused to flow 10 
the coil, the pull on the diaphragm will 
be increased or decreased, depending ot 
the direction and magnitude of the cur- 
rent. If the current in the coil is a sine- 
wave alternating current, it varies the 
strength of the mugnetic field accord- 
ingly. During the positive half-cycle of 
such current, shown in B, as the current 
varies from 0 to maximum and back to 0; 
the strength of the magnetic field varies 
from its original value to maaimun and 
back to its original value. ‘The pull on 
the diaphragm at the same time varies 
from its normal value to maximum and 
back to its normal value. During the 
negative half-eyele in C, as the current 
varies from 0 to maximum in the oppo- 
site direction and back to 0, the strength 
of the magnetic field varies from its 
original value to minimum (because of 
the reversed cirection of current) and 

The pull on 
the diaphragm at the same time varies 
from its normal value to mininvum and 
back to its normal value. ‘These actions 
i sequence cause a vibration of the dia- 


back to its original value. 


phragm. The vibration is actually a 
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Figure 17. Operation of magnetic-diaphragm receiver. 
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phragm about a normal, or neutral, posi- 
tion, shown in D. A series of vibrations 
results in the generation of a series of 
sound waves of corresponding frequency 
and waveform. Figure 18 shows com- 
parative graphs of the sound-wave input 
at the transmitter, the current in the 
transmitter, the magnetic pull on the 
diaphragm, and the sound-wave output 
at the receiver. 

Figure 19 illustrates the reason for using 
a permanent magnet in the telephone re- 
ceiver, The permanent magnet is re- 
placed by an electromagnet, with a coil 
wound on a soft-iron core. When no 
current flows in the coil, there is no mag- 
netic field; therefore the diaphragm 
remains in its neutral position, as in A, 
When a sinusodial current flows in the 


coil during the positive half-cycle, a 
magnetic field of similar variations 1s 
produced, as in B, and this field attracts 
the-diaphragm so that its motion corre- 
sponds to the variation of the field. Dur- 
ing the negative half-cycle, in C, the 
polarity of the magnetic field is reversed, 
but the displacement of the diaphragm 
is exactly as before, since only attraction 
(not repulsion) can be exerted on it; con- 
sequently, the diaphragm moves inward 
for both half-cycles of current, instead 
of alternately inward and outward as de- 
scribed in (1) above. The sound wave 
produced by this action would have two 
condensations and two rarefactions for 
each cycle of current. The sound, there- 
fore, would have a fundamental fre- 
quency twice as great as that of the 
current, as well as a distorted waveform. 
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Figure 18. Waveforms in simple telephone system. 
Since these results would cause the sound 
to be considerably different from the 
original sound introduced at the trans- 
mitter, this system, which does not con- 
tain a permanent magnet, would be 
useless for telephone transmission. 


b. Application of Operating Principle To Prae- 
tical Magnetic-Diaphragm Receiver. 


(1) In the early telephone receivers devised 
by Bell, a bar magnet was used to supply 
the permanent magnetic field (A, fig. 20). 
Bell actually used two receivers of this 
type in his early telephone system, one 
serving as the transmitter and the other 
as the receiver. Later, the efliciency of 
the receiver was improved greatly by us- 
ing a horseshoe magnet in place of the bar 
magnet, as shown in B, Because the 
length of the magnetic path is much 
shorter in the horseshoe magnet, the mag- 
netic field is concentrated in the region 
between the poles. This increases the 
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pull on the diaphragm for a given vale 
of current, and therefore produces souhd 
waves of greater intensity. The modeyn 
receiver unit incorporates a modificatiyn 
of the horseshoe magnet. This, with the 
use of better magnetic alloys, has ip- 
proved the design and performance pf 
the receiver. 

(2) In a later chapter it will be shown tht 
the receiver winding occasionally must 
have direct current flowing through {t. 
Because of this requirement, the receiver 
is connected in such a manner that the 
field produced by the direct current m the 
coil aids the field of the permanent mayy- 
net. This increases the strength of the 
field, and results in a stronger pull on the 
diaphragm. The process by which dj- 
rect. current in the winding produces &n 
aiding field is called poling, because the 
polarity of the direct current must he 
correct, 

(3) Permanent magnets operate uniformly 
if they are not subjected to shocks or 
other abuse. Sudden and violent jarring 
partially destroys their magnetism, and 
makes them less effective in telephone Tt- 
ceivers. A weak magnet exerts a weaker 
normal pull on the diaphragm, causing 
unequal displacement on each side. This 
results in distorted vibration and dis- 
torted sound. 


25. Structure of Modern Receiver 


a. C, figure 20, shows the front view and a cross- 
sectional side view of a modern receiver unit, de- 
signed to be mounted in several types of telephone 
instruments. The receiver winding is wound 
around two permalloy pole pieces, each of which is 
welded to a cobalt-steel bar magnet. ‘These mag- 
nets are made of a recently developed magnetic 
alloy which has high permeability, giving a strong 
magnetic field. ‘The magnets and pole pieces are 
fastened to a zine-alloy frame. The diaphragm 
is made of a special steel alloy. It is not clamped, 
but rests on a ring-shaped ridge; the pull of the 
magnets holds it in place. It is protected in front 
by a silk sereen, and its vibration is controlled by 
a silk acoustic resistance disk attached at the rear. 
The entire unit is held together by a brass clamp- 
ing ring. ‘Two silver-plated contacts, for elee- 
trical connections, are mounted on the back. 
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Figure. 19. Action of soft iron-ore electromagnet on diaphragu. 


b. A recently developed receiver that provides 
improvements in efliciency and frequency response 
is shown in fieure 21. 


(1) 


The simple diaphragm of earlier receiv- 
ers is replaced by a ring armature, a 
dome-shaped diaphragm of phenolic im- 
pregnated fabric cemented to a circular 
magnetic ring. The outer edge of the 
ring rests on a circular seat of nonmag- 
netic material. The inner edge is close 
to a circular pole piece which conducts 
the flux from a ring-shaped permanent 
magnet. This design lowers the me- 
chanical impedance of the diaphragm 
and improves the radiation efliciency. 
As a result, when the receiver is held off 
the ear, the intelligibility of speech is 
much better than that of other receivers. 
An acoustical network couples the back 
chamber of the diaphragm through four 
holes covered with acoustic resistance 
fabric to the handset cavity. The cham- 


ber above the diaphragm exhausts 
through the holes in the receiver cap. 
The receiver response is virtually flat 
from 400 to 8,500 eps (cycles per sec- 
ond)—an improvement over earlier 
receivers. 





(3) A varistor, or nonlinear resistance, pro- 
tects the user from high acoustic levels 
caused by transient electrical disturb- 
ances in the telephone circuit. ‘This var- 
istor also protects the receiver magnet 
from demagnetization hazards of such 
disturbances. 

ce. The receiver and transmitter units are 
mounted for convenience in an instrument called 
a handset. Figure 22 is a disassembled view of 
a handset, showing the transmitter element, trans- 
mitter cap, receiver element, and receiver cap. 
When the receiver cap (earpiece) is screwed on 
tightly, it exerts a pressure on the receiver ele- 
ment, forcing the two contacts against two con- 
tact springs. ‘These contact springs are connected 
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A and B, Early types. 


(’, Modern unit. 
Figure 20. Telephone receivers, 
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to the external wiring of the receiver. Like the 
transmitter, the receiver element may be removed 
for servicing or replacement by unscrewing the 
cap. In the typical modern combined hand-tele- 
phone set shown in figure 23, the handset rests 


on a cradle base when not in use. 


26. Circuit Diagrams 


a. ldentification of Components of Circuit Dia- 
grams. ‘The study of telephony involves an un- 
derstanding of the operation. and assembly of 
equipment consisting of many component parts. 
Some of the parts are small, some rather large. 
The process of learning is simplified greatly if 
these parts can be identified readily. Identifica- 
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wnt with ring armature. 


{ion means more than recognizing them, however. 
It includes the ability to visualize how and where 
each part is connected in a circuit, and knowledge 
of the theory and function of the part in that 
circuit. It includes a thorough understanding of 
the relation of each part in a cirewit to other parts, 
for only with this understanding can the skill 
necessary for tracing circuits be acquired. In 
later chapters of this manual which deal with 
actual telephone circuits, the theory and function 
of each part will be explained as soon as the part 
is introduced, and the relation of each part to 
the others in the circuit will be presented by 
means of text and diagrams, 

Three 
basic types of circuit diagrams—pictorial, wiring, 


b. Types of Circuit Diagrams (fig. 24). 
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Figure 23, Modern combined hand-telephone set, 


and schematic—will be used extensively im this 
manual, and now will be described. In addition, 
frequent use will be made of block diagrams. 

(1) An example of a pictorial diagram 1s 
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2) 


shown in A. ‘This is a picture drawing 
of the actual physical layout or assembly 
of the component parts of a circuit, show- 
ing the parts either as they appear to the 
eye, or in a form which emphasizes some 
feature of their operation. The parts 
may be photographs of equipment, if they 
are arranged to show the relationships 
among them. Pictorial diagrams are 
useful particularly to people untrained in 
the theory of operation of the circuits 
they illustrate. 

B is an example of a wiring diagram. 
This type is used primarily to show a 
wireman or serviceman the proper hook- 
up for a piece of equipment. The em- 
phasis in wiring diagrams is on the eon- 
nection of cables and other wires to ap- 
propriate terminals, not on the operation 
of the circuit. 

The schematic diagram, shown in C. is 
not a lifelike drawing of the component 
parts of a circuit, or a means for indi- 
‘ating their connection. Instead, stand- 
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Figure 24. Tiupes of cireuit diagrams. 


ard, conventional symbols are used, and 
the position of the symbols in the diagram 
does not necessarily correspond to the lo- 
cation of the parts in the actual equip- 
ment. Schematic diagrams usually are 
more compact and easier to trace than 
pictorial diagrams, and they are used 
more often. They make it possible to 
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present a more logical explanation of the 
voltage and current relationships in elec- 
trical cireuits than is possible with other 
types, and they allow the emphasizing of 
important features of the circuits. Sche- 
matic diagrams will be used extensively 
in explaining the operation of the tele- 
phone circuits discussed in this manual, 
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27. Reading of Schematic Diagrams 


The ability to trace and understand the sche- 
matic diagrams of telephone circuits can be ob- 
tained rapidly if the problem is approached in 
an intelligent manner. Do not attempt to memo- 
rize complicated diagrams. ‘The principles and 
procedures followed by telephone men, deseribed 
below, should be followed to acquire skill in read- 
ing and understanding schematic diagrams. 

a. Learn the electrical principles underlying the 
operation of the particular circuit. ‘This includes 
a knowledge of the kinds of current flowing in the 
various parts of the circuit, the voltage across the 
various parts, and the power dissipated in the 
cirewit. 

b. Memorize the symbols for the component 
parts of telephone circuits. ‘These symbols will 
be introduced at the time the operating principle 
of each part is explained. Learn to identify the 
symbol with the actual appearance of the part. 

e. Break down a complex circuit into a num- 
ber of simpler circuits. TFrequently, certain small 
groups of parts form relatively simple units 
within a complex circuit. Ifor example, a dia- 
gram of a complete telephone system ca be broken 
down into a transmitter circuit, a receiver cirenit, 
a ringing circuit, relay circuits, and several other 
smaller circuits. Learn to recognize these small 
eroups as units, and to relate these units to the 
others. In the following pages, complete circuit 
diagrams will be built up step by step; and fre- 
quently, as each new smaller unit is introduced, 
its position in the circuit will be emphasized by 
the use of heavier lines than those in the rest of 
the circuit. Take advantage of this, not only to 
learn the function of the unit itself, but to under- 
stand its relation to the rest of the cireuit. 

d. Learn to think of each part or unit in a cir- 
euit in terms of its fwnetion in the cirenit. An 
understanding of why a particular part is included 
is extremely helpful in learning its position in a 
schematic diagram. The reader actually will find 
himself looking for a particular part in a eirenit 
diagram, if he understands its function. 

e. Form the habit of visualizing the position 
of a unit, in the actual equipment from its posi- 
tion in a schematic diagram of the equipment. 
This will prove helpful when it is necessary to 
work on the equipment. from a schematic diagram. 
Remember that the position of the symbol in a 
schematic diagram does not correspond necessarily 
to the location of the unit in the equipment. 
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j. Learn to distinguish between the electpical 
cireult and the mechanical operations assoejated 
with the cireuit. 

gy. Review, from time to time, the symbols 
learned previously, and the relationships among 
the smaller units which make up the complete 
circuit, 

h. Follow faithfully all of the foregoing prin- 
ciples and procedures, for they are indispensable 
to the rapid acquiring of skill in the reading of 


schematic diagrams. 


28. Telephone Symbols 


This chapter has included discussions of the 
operating principles of telephone transmitters and 
receivers. These units, together with such elee= 
trical devices as batteries and resistors, are basic 
components of telephone systems. Figure 95 
shows most of the symbols for the units and devices 
so far discussed. A more complete list of the 
fundamental electrical symbols used in telephone 
circuits is contained in the appendix. 
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Figure 24, Telephone symbols, 


29. Summary 


a. ‘The telephone as invented by Bell in 1875 was 
crude and limited in efliciency. Extending its area 


of usefulness presented many problems. Within 
only a few years, many of its basic problems were 
solved. 

6. Present-day telephone systems are very difler- 
ent from early ones, but they have the same basic 
principles of operation. 

é. Sound waves, striking the diaphragm of a 
carbon transmitter, cause the diaphragm to vibrate 
with variations of frequency and amplitude cor- 
responding to those of the waves. This causes a 
corresponding variation in the resistance of a 
chamber of carbon granules, which in turn causes 
a corresponding variation in the magnitude of a 
direct, current produced by a battery. This pul- 
sating direct current flows through the primary 
winding of an induction coil, and induces an a/ter- 
nating emf in the secondary winding. An al- 
ternating current flows through a load connected 
to the secondary. 

d. Modern transmitters are designed, electri- 
cally and mechanically, for maximum efficiency 
and minimum distortion and interference from 
external noise. 

e. The carbon transmitter is the most common 
of several types of transmitters in current use. 

f. The electrical waves produced by the trans- 
mitter are sent over the transmission line and 
reconverted to sound waves in the receiver. 

g. The magnetic-diaphragm receiver contains a 
permanent magnet which exerts a constant attrac- 
tion on a diaphragm of magnetic material placed 
close to it. Around the magnet isa coil. The in- 
tensity of the magnetic field of the magnet in the 
receiver varies with the alternating current it re- 
ceives from the transmission line running to the 
transmitter, and this causes an alternate increase 
and decrease in the pull exerted upon the dia- 
phragm. The vibration thus set up produces 
sound waves which correspond in frequency and 
amplitude to both the electrical waves in the hne 
and the originating sound waves at the transmitter, 


h. Modern telephone receivers efficiently reduce 
interference from surrounding noise. 

2. Skill in reading and understanding circuit 
diagrams, particularly schematic diagrams, is im- 
portant in the study of telephony. Acquisition of 
skill is relatively easy if the proper procedure is 
followed. 


30. Review Questions 


a. Discuss, with the aid of a block diagram, the 
operation of the transmitter, transmission line, and 
receiver in a simple telephone system. 

b. Deseribe the operation of the carbon trans- 
mitter. 

e. State and explain the kind of current that 
flows 1n a carbon transmitter when the diaphragm 
is stationary; when the diaphragm is vibrating 
sinusoidally. 

d. Describe the construction of a modern carbon 
transmitter with regard to its electrical operation ; 
its mechanical strength and protection. 

e. Describe the operation of the magnetic- 
diaphragm receiver. 

7. Why is it necessary to use a permanent mag- 
net with its associated coils rather than an electro- 
magnet with an iron core and no permanent 
magnet in a magnetic-diaphragm receiver ? 

g. Why must care be taken to avoid sudden jar- 
ring of a telephone receiver? 

h. Describe the features of construction of a 
modern telephone receiver which are concerned 
with mechanical protection. 

2. Define poling, as applied to telephone receiv- 
ers. Why is it necessary ? 

j. Explain the distinction between wiring and 
schematic diagrams, 

k. Draw neat sketches of the conventional sym- 
bols for a battery; a transmitter; a receiver; a 
resistor; wires connected; wires crossing but not 
connected. 
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CHAPTER 3 


INTRODUCTION TO TELEPHONE SYSTEMS 


31. Components of Telephone Systems 


To provide satisfactory service, the telephone 
system must include, besides transmitters and re- 
ceivers, components such as ringers, switchboards, 
and transmission lines. This chapter explains the 
over-all functions of these additional components 
and shows how they are used in a number of com- 
mon telephone systems. Later chapters will pre- 
sent in detail the principles of their operation. 


32. Simple Telephone Circuit 


a. The simplest telephone circuit is obtained by 
connecting a transmitter to a receiver, as In figure 
26. In such a circuit, the transmitter may be lo- 
eated a considerable distance from the receiver, 
perhaps several miles away, and yet a person 
speaking into the transmitter at station A can be 
heard by another person at the receiver at station 
B. One-way telephone communication is eflected., 

b. One-way communication serves for the trans- 
mission of intelligence in one direction, but it is 
inadequate for most of the purposes for which the 
telephone is used. Two-way conversation 1s in- 
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dispensable. Figure 27 shows how simply this Gah 
be arranged. A receiver is added at the transmit. 
ting end and a transmitter at the receiving end, 
With two transmitters and two receivers, 50 COP. 
nected, the voice of a person speaking ito eithey 
transmitter can be heard in both receivers, 204 
two-way communication is effected between Stas 
tions A and B. 

e. Although the circuit in figure 27 can be used 
as the basis for a simple telephone system, it8 
usefulness is limited. How can a person at sti 
tion A signal someone at station B to come to the 
phone so that conversation may begin? Although 
the circuit does not provide any means, this, £00; 
is arranged simply (fig. 28). At each station, 
and B, signaling (ringing) cireuits ave added, and 
these make it possible for a person at either station 
to signal the other station when conversation 1s (le 
sired, A signaling cireuit includes a ringer (bell 


or buzzer) and 2a hand generator. \ person it 


station A, wishing to tall with someone at station 
B, turns the crank of the hand generator. ‘This 
generates an a-e voltage which sends a signaling 
current over the transmission line to operate the 
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igure 26. Simple telephone cireuil. 
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Practical telephone eirenit, 
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Figure 28. 


ringer at station B. The sounding of the ringer 
attracts the attention of someone, who thereupon 
answers the eall. The transmission line connect- 
ing the two stations conducts both the voiee cur- 
rents and the signaling current; also, although a 
ringer has been mentioned as the signaling cde- 
vice and a hand generator as the source of signal- 
ine current, other devices may be used for the 
generation of signaling current and the signaling 
itself. These will be considered later in detail. 


33. Telephone Switchboard 


a. A telephone system frequently consists of 
hundreds, even thousands, of telephone stations. 
In operation, the system permits voice commeni- 
cation between any of the telephone stations which 
ave part of it. The simple circuit of figure 25 
cam be used in a telephone system if each station 
is connected by a similar cireuit to all the other 
Such an arrangement 
would require the use of two wires and a switch 


stations in the system. 


from each station to every one of the other sta- 
tions. It would be impractical for serving a large 
number of telephone stations; for even a few, the 
system would be a maze of wires. The block dia- 
eram of figure 29 shows the wiring required to 
interconnect eight stations. 

6. An important saving in line wire is obtained 
by including in the system a centrally located 
switchboard. Bach telephone station then is con- 
nected directly to the switchboard, not to each of 
the others, The connecting wires and their at- 
tachments constitute a transmission line. Con- 
versation between any two stations is made pos- 
sible by interconnecting their transmission Ines 
at the switchboard. The connections are made by 
a switchboard operator or attendant by means 
either of switches or, more frequently, cords with 
plugs for insertion in jacks comected to the ends 
of the lines from the two telephones. ‘The block 
diagram of figure 30 shows the eight telephone sta- 
tions of figure 29 connected to a switehboard. 
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igure 20. Station interconnections of telephone systen 


mithouwt sivitehboard. 


e. With the circuit arrangement of figure 30, 
all conversations take place through the switeh- 
hoard, A person at station A wishing to call a 
person at station B first signals the switchboard 
operator. When the operator replies, the caller 
supplies the name or number of the station bemg 
ealled—station B, in this case—and the operator 
then completes the connection at the switchboard 
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Figure it. Telephone stations connected fo sivitehboard, 
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and signals station B. When station B answers, 
conversation between the two telephone stations 
proceeds. 


34. Telephone Central Office 


A switchboard or other switching device, to- 
gether with associated equipment, is located at a 
telephone central office. More accurately, they 
comprise the telephone central office. ‘The equip- 
ment may include a switchboard of one or more 
positions so interconnected that telephone service 
can be given to a greater number of telephone sta- 
tions in an area. Switchboard is the name given 
to that component of a telephone system where con- 
nections are made among the associated lines or 
stations by an operator. ‘The service requirements 
determine the capacity of the switchboard, and 
the traffic (number of connections) requirements 
determines the number of operators attending at 
the switchboard. As switchboards imerease in 
size, beyond the ability of one operator to handle 
the traflic, and a second operator is engaged at the 
switchboard, the switchboard is designed espe- 
cially to accommodate the second operator, and to 
distribute the line jacks in such a way that the 
traffic load is distributed fairly evenly between 
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the operators. Since each operator will occupy gq 
position at the switchboard, and since two pos)- 
tions are required to accommodate two operators, 
a switchboard so designed is referred to as a two- 
position switchboard. In many instances, switeh- 
boards reach to 30 or more positions. Figure 4] 
shows the various elements of one type of military 
telephone central office. 


35. Telephone System 


A telephone system with one central office con- 
sists of a number of telephone stations connected 
by lines to the central office, so that any two tele- 
phones of the system may be interconnected {oy 
two-way conversation. Such a system may serve 
a few or thousands of stations; it may have more 
than one central office. A system includes the 
individual telephone stations, the outside plant 
equipment for connecting each telephone station 
to a central office and for interconnecting centra] 
offices, and all the central-office equipment required 
for making connections between the telephones 
and switchboards. Whatever the size and extent 
of the system, and however many switchboards, 
and central offices are a part of it, any telephone 
station can be connected with any other telephone 
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felephone equipment. 


station. The telephone stations, central office, 
and connecting lines shown in figure 30 constitute 
a telephone system with a single central office. 


36. Telephone Exchange 


A telephone system which provides telephone 
communication within a particular local area, 
such as an Army post, maneuver area, town, vil- 
lage, or city, isa telephone exchange. It may have 
one or more central offices, depending on the extent 
of the telephone service and traflic that 1s handled. 

a. The switchboard and eight telephone stations 
of figure 50 would be called an exchange, although 
an exchange usually includes hundreds of tele- 
phone stations and their associated lines, switch- 
ing facilities, and accessory equipment. 

b, By interconnecting telephone exchanges, 
service can be provided between telephone stations 
served by two or more exchanges. The transmis- 
sion lines interconnecting the central offices of dif- 
ferent exchanges are called érunk: lines, or trunks. 
When a person at station A in exchange I (fig. 32) 
wishes to call a person at station B in exchange IT, 
the procedure is only a little more extended than 
the procedure within a single exchange. ‘The caller 
at station A signals (attracts the attention of) the 
switchboard operator in exchange I and asks to be 
connected to station Bin exchange II, ‘The opera- 
tor responds by relaying the number of the called 
station over the trunk to the switchboard operator 
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in exchange II, who then signals station B and 
completes the connection. The figure shows the 
connecting cords and completed connection be- 
tween station A and station B through the trunk 


connecting exchange I and exchange IT. 


37. Types of Telephone Systems 


Telephone systems are classified according to 
the method of switching used at the central office. 
The two basic systems are the manual system and 
the dial system, As the names imply, in manual 
telephone systems the connections between tele- 
phones are made manually, by operators, and in 
dial telephone systems the connections between 
telephones are made automatically, without the 
service of operators, 

Most of the 
smaller military telephone systems are manual 


a. Manual Telephone Systems. 
sytems, classified according to the sources of elee- 
trical energy supplied to the transmitters. The 
two basic kinds are the local-battery system and 
the common-battery system. 

(1) Ina local-battery system, the sources of 
electrical energy for the transmitters and 
signaling devices are included in the 
telephone sets located at each of its tele- 
phone stations. The term Jocal means 
that the sources of the electrical energy 
for the transmitters and for signaling are 
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Figure 32. Telephone exchanges conneeled tly tronics. 
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Local-battery stations connected directly. 
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Local-battery stations connected to suwitehhoard, 
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35, Conmaon-batlery stations connected to siwitehboard, 


a part of the individual telephone sta- 
tions. A local battery supplies the cur- 
rent for the transmitter cireuit,.and a 
hand. generator oy magneto supplies the 
The block dia- 
eram of figure 55 shows the arrangement 


current for signaling. 


when two local-battery telephone sets are 
connected clirectly to each other. Figure 
54 shows the arrangement when two 
local-battery telephone sets are connected 
to a switchboard. Note that a local bat- 
tery is provided not only for each tele- 
phone station, but also for the switel- 
board. Also note that at the local-bat- 
tery switchboard, drop signals are used 
as a signaling means. ‘The drop signal 
is an electromechanical device with a 
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shutter which falls and attracts the at- 
tention of the operator when the user of 
a local-battery telephone set signals with 
his hand generator. The shutter usually 
is arranged so that, when it is dropped, a 
signaling buzzer will operate at the 
switchboard. 

Ina common-battery system, the sources 
of electrical energy for the transmitters 
and signaling devices are located at the 
central office; that is, all of the stations 
obtain their transmission and signaling 
energy from one common, central source. 
A primary source of power such as a gen- 
erator and a large storage battery at the 
central office supply the current for the 
transmitters and also supply current for 
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Local battery system connected to common-battery system, 
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the switchboard signal lamps; a ringing 
machine supplies ringing current for all 
the telephone sets. Figure 35 shows two 
common-battery telephone sets connected 
to a common-battery switchboard. There 
is no battery at the sets, and the signal- 
ing devices of the manual common-bat- 
tery switchboard are signal lamps which 
light automatically when the receiver is 
removed from the hookswitch, not the 
drop signals of the local-battery switch- 
board. Local-battery systems may be 
interconnected with common-battery sys- 
tems, and thereby permit telephone con- 
versation between a telephone station 
connected to a local-battery central office 
and one connected to a common-battery 
central office (fig. 36). 
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Figure 37. Dial telephone set. 
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Figure 88. Local-battery switchboard. 
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b. Dial Telephone Systems. The dial telephone 
system 1s one in which the connections between 
telephones are set up automatically by electro- 
mechanical switching apparatus controlled by the 
operation of a dial on the telephone set of a calling 
telephone. These connections are made without 
the aid of an operator. Figure 37 shows a dial 
telephone set. In placing a call ona dial telephone 
system, the operation of the dial sends electrical 
pulses over the line from the dial telephone set to 
the central office. ‘There the pulses control switch- 
ing equipment which automatically makes the in- 
terconnection between the calling and called tele- 
phones. By electromechanical means, all the op- 
erations of an attendant at a manual central office 
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are performed in sequence. Specifically, the auto- 
matic-switching equipment in a dial central office 
connects calling lines through interoffice trunks to 
called lines in other central offices; determines 
whether a line is in use, and, if it is not, rings the 
called telephone; transmits a busy-tone signal to 
the calling telephone, if the called telephone is in 
use; disconnects the calling and called lines when 
the users hang up. 


38. Comparison of Telephone Systems 

a. Telephone communication systems used by 
the Army must provide good telephone service 
under many kinds of operating conditions, both 
favorable and unfavorable. Each system has its 
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Figure 39. Common-battery manual switchboard. 
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advantages, and under certain conditions provides 
better service than the others. Each telephone 
system therefore has an important place m the 
military communications network, Both manual! 
and dial systems are used, This technical manual 
is concerned primarily with the fundamentals of 
manual systems, but also contains a brief treat- 
ment of dial systems. In general, dial systems are 
less suitable than manual systems for mobile opera- 
tions and usually are installed only at more perma- 
nent locations, such as posts and the larger head- 
quarters in the rear area of a theater of operations. 

4. Military field telephone systems usually are 
manual systems. They may be either of the local- 
battery or common-battery type. 

e. A military local-battery field telephone sys- 
tem usually has rapidly laid insulated wire or 
cable for its lines and uses sturdy portable central- 
office equipment. Figure 58 shows an Army loecal- 
battery switchboard designed for field service, 

d, The common-battery manual telephone sys- 
tem is used most frequently to serve a great num- 
her of telephone users located in a relatively small 
area. It has numerous refinements not found in 
the simple local-battery system which make pos- 
sible more efficient and rapid handling of large 
numbers of calls. Because of these refinements. 
however, 4 common-battery central office with its 
associated lines requires more time for installation 
and greater attention to maintenance. Comimon- 
battery manual systems are used frequently by the 
Army in higher headquarters and fixed installa- 
tions. Figure 39 shows an Army common-battery 
switchboard designed for field service. 

e, Dial telephone systems, which are also com- 
mon-battery, by the use of automatie-switching 
devices eliminate the errors inherent in human 
operation of a manual telephone switchboard, A 
dial central office involves much intricate wiring 
and complex equipment. Its installation is both 
time-consuming and costly; it requires great care 
in maintenance, but, when properly maintained, it 
provides more rapid and aceurate handling of 
heavy telephone traffic than usually is possible 
with amanually operated common-battery switch- 
board. 

#. To provide greater flexibility for military 
operations, practically all common-battery switch- 
boards are designed to permit connections with 
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local-hattery switehboards and telephones. The 
larger local-battery switchboards permit conneo, 
tions to common-battery switchboards, both man. 


ual ancl cial, 


39. Summary 

o, One-way communication ean be effeeted with 
i transinitter at one telephone station, a recelvey 
at the other, a battery, and connecting lines. 

b, Two-way communication requires at each 
lelephone station at least a transmitter, a receiver, 
and a means for signaling the called station. 

e, For economy and efficiency, telephone sta. 
tions usually are connected to a switchboard ob 
other switching device in a central office, and ins 
fercommunication is effected through it. 

/. Velephone central offices are interconnected 
by trunk lines, permitting communication between 
telephone stations connected to different central 
offices, 

e. Systems are either local-battery systems, 
which have local current sources in dry cells for 
the transmitter and a hand generator for signal 
ing, or common-battery systems, in which current 
for the entire system is supplied from a single 
point, the central office. 

7. Common-battery systems usually serve # 
greater concentration of telephone stations than 
local-battery systems, but heaviest traffie usually 
is handled best by cial telephone systems, in which 
dials and automatic electromechanical or electri- 
cal means perform all the operations whieh other- 
wise would have to be performed manually by 
attendants, 


40. Review Questions 


a. Why are telephone switchboards or other 
switching devices a practical necessity for tele- 
phone communication between widely separated 
telephone stations? 

b, What two items of equipment, essential in 2 
telephone set connected to a local-battery switeh- 
board, are not found in the telephone set of a com- 
nion-battery system 4 

¢ What is the most important difference be- 
tween a common-battery system and a local-bat- 
lery system ¢ 

d. What is the device that attracts the attention 


of the switchboard operator to an incoming: tele- 
phone call at a local-battery switchboard? A 
common-battery switchboard ¢ 

e. During mobile field operations of a small 
military combat group, why is a local-battery tele- 
phone system used most frequently 4 

7. Give one important technical reason for the 
general use of manual common-battery telephone 
systems in the larger villages of the United States. 


g. Give at least two reasons why the installation 
of automatic telephone systems ordinarily would 
prove impractical in the more forward battle areas 
during mobile field operation. 

h. If the Army should find it necessary to in- 
stall a new telephone system, with 700 telephone 
sets, ina very busy permanent supply depot, what 
type of telephone system would you recommend? 
Why? 
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CHAPTER 4 


LOCAL-BATTERY TELEPHONY 


41. Equipment of Local-Battery Telephone 
System 


The equipment of the local-battery telephone 
system may be classified as telephone-station 
equipment, central-oflice equipment, and intercon- 
necting equipment. The unit of equipment at the 
telephone station is the telephone set, and the unit 
of equipment at the central office is the switch- 
board. The interconnecting equipment is the 
telephone line. Because the electrical properties 
of the telephone line are, in general, similar for 
both the local-battery and the common-battery 
systems, discussion of the line will be deferred for 
a later chapter, following discussion of the com- 
mon-battery system. 


42. Telephone Set 


In both systems, the telephone set, often simply 
called the fe/ephone, is the device supphed the tele- 
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phone user to initiate and receive telephone calls 
In the telephone circuit of figure 28, the group of 
components at each station comprises a simple tele. 
phone set. The group includes the transmitter, 
the receiver, the hand generator, and the ringey, 

a. Principal Circuits of Telephone Set. The 
components of the telephone set of both systems 
are connected to provide two principal circuits: 
the talking circuit in A, figure 40, and the signa]. 
ing cireuit, shown in B. Each one is the telephone 
circuit of figure 28 modified to represent two loca]- 
battery telephone sets connected directly to each 
other. ‘The circuits of the telephone sets are Com- 
pleted by the telephone line connected to terminals 
Li and LY of the sets. 

(1) The talking cireuit of the telephone set 
provides an electrical path for the voice 
current. Its prime components are the 
transmitter and the receiver. In the 
local-battery telephone set, it also includes 
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Circuits of local-batlery telephone sets. 


a battery. In the two-station local-bat- 
tery system shown in A, the heavy lines 
show the complete talking circuit, which 
includes the transmitters, the receivers, 
the batteries of the two telephones, and 
the connecting telephone line. Thus, 
voice currents generated by a person 
speaking into the transmitter of one tele- 
phone have a complete electrical path 
through the telephone line to the receiver 
of the other telephone. 
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The signaling circuit of the telephone 
set provides an electrical path through 
the signaling device for the signaling cur- 
rent. Its prime component is the ringer. 
In the local-battery telephone set it also 
includes a hand generator. In B, the 
heavy lines show the complete signaling 
circuit between the two telephones. It 
includes the generator of telephone set A, 
the ringer of telephone set B, and the con- 
necting telephone line. Rotation of the 
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Figure 41, Local-battery telephone set, excluding handset. 
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crank of the hand generator of telephone 
A generates an alternating current which 
is condueted by the telephone line to the 
ringer of telephone B and causes it to 
The switches referred to are 
A similar 


operate. 
not shown in the illustration. 
circuit exists between the hand generator 
of telephone B and the ringer of tele- 
phone A, 
6b, Components of Telephone Set. 
nents of a local-battery telephone set, excluding the 
handset, are shown in figure 41. In addition to 
the hand generator, the battery, and the ringer, 
there ave an induction coil and a capacitor to im- 
prove electrical efficiency and performance, 


rey) 
The compo- 


43. Battery 


The function of the battery in the local-battery 
telephone set is to supply the current for the trans- 
mitter. The battery consists of two or three dry 
cells, which obtain their electrical energy from the 
chemical action of the materials of which the cell 
iscomposed. The chemical action during current 
flow produces an accumulation of gas buboles 
around the positive electrode, which insulates the 
electrode and increases the internal resistance of 
the cell. This action of the cell is called polariza- 
tion. The manganese dioxide contained in the 
dry cell neutralizes the polarization, but its action 
is slow, and a continuous drawing of current 
causes the emf of the cell to fall rapidly. If the 
cell is given a short rest, however, the depolariza- 
tion reaction catches up, and the emf increases to 
nearly its original value. Dry cells therefore are 
suited particularly for intermittent use, “The emt 
of a new dry cell is about 1.53 volts, and it de- 


creases with age. 


44. Handset Switch 


a. Function. A )andset switeh is usually a nor- 
mally open, momentary (spring-return ) switch, 
When pushed, it connects the transmitter in the 
talking cirenit. When released, the transmitter is 
out of the circuit, thus conserving the battery 
when the transmitter is not in use, 

b. Push-T'o-Talk Tandset Switch. A, fieure 
42, illustrates a handset switch of push-to-talk 
type, frequently used 1 local-battery telephone 
sets. It consists of an assembly, or pi/e-up, of 
flat, spring-metal conductors, separated by in- 
sulators, asin B. Welded to the ends of the con- 


aq 


duetors are contacts made of a special alloy whig) 
withstands arcing when the switch is opened ap 
closed. The contacts are closed by rotation of the 
butterfly nut attached to the short shaft Which 
passes through the plate. When the butterfly nut 
is released, the spring action of the conductors 
opens the contacts and restores the switch to jg 
normal, or open, The push-to-talk 
handset switch usually is mounted in the telephone 
handset between the transmitter and receiver (fig, 
iY). So located, the telephone user can connect the 
battery readily when speaking and cisconnect jf 
when listening. Figure 43 shows another hand- 
set, with a push-to-talk switeh. When speaking, 
the switch is pressed downward mstead of side- 
On this handset, the receiver unit has beey 
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Migure 42. Handset with push-to-talk siviteh, 
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Figure 43. Military handset with push-to-talk switenh, 


made almost flat to allow the unit to be slipped 
under a helmet. 
e. Circuit with Handset Switch. 
(1) Figure 44 shows the talking circuit of two 


In the normal position, the spring-metal 
conductors hold the handset switch open, 
and the talking circuit would not be com- 
pleted unless both handset switches were 





HANDSET SWITCH 


local-battery telephone sets, each of which 
includes a handset switch. It differs 
from the cireuit of figure 40 in that the 
transmitters and receivers are in parallel 
instead of in series. This manner of con- 
necting the components automatically 
results in a closed talking circuit between 
the two telephones when either handset 
switch is closed. This would not be the 
result, if the components were connected 
in series with each of the transmitters: 
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closed at the same time. In use, this 
could be managed, but it would require, 
between the persons speaking, a coordina- 
tion that is unnecessary with the circuit 
of figure 44. 

The heavy lines (fig. 44) show the com- 
plete talking circuit between the two tele- 
phone sets: the transmitter, the battery. 
and the handset switch of telephone A 
and the receiver of telephone B. The 
handset switch of telephone A is shown 
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Figure 44. Tatking cireuwit of two felephone sets with handset switches. 
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in the talking (closed) position, and that 
of telephone B is in the listening (open) 
position. (Telephone circuit diagrams 
usually show the switch in the open 
position. ) 


45. Handset 


In most telephone sets, the transmitter and 
receiver units are contained in a single mounting, 
the handpiece, also called the handle and the 
handset handle. The combination of handpiece 
with transmitter, receiver, and connecting cord 1s 
called the handset. In the local-battery telephone 
set, the handset usually includes the push-to-talk 
handset switch. Figure 45 is an exploded view 
of the components of a local battery telephone 
handset, 

a. Advantages of Handset. The handset pro- 
vides a convenient support or mounting for the 
transmitter and receiver. In addition, its design 
results In an increase In the output of the trans- 
mitter. ‘The transmitter is at the proper distance 
from the mouth of the telephone user when the 
receiver is against his ear; more of the sound 
energy of the speakers’ voice is directed into the 
transmitter than might otherwise be the case, and 
the result is a greater average output of voice 
current, 

b. Structure of Handset. The material of the 
handpiece is molded bakelite or a phenol plastic, 
Its ends are designed to contain the transmitter 
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and receiver elements. These are retained by 
molded bakelite or phenolic plastic caps, perf. 
rated to pass the sound energy. The transmittey 
cap is called the mouthpiece, the receiver cap the 
earpiece. Connections to the transmitter and Ye. 
ceiver are made by silver-plated contact springs, 
fastened to terminals molded in the plastic. Tp 
the local-battery telephone handset, the handle jg 
recessed for mounting the push-to-talle switch jp 
the handle. Metal tubes extending through thjs 
handle carry the necessary conducting wires 
between the transmitter, receiver, and handset 
switch. 

e. Cireuit of Handset. The broken lines of 
figure 46 show the wiring of the local-battery tele 
phone handset. ‘The receiver terminals and the 
handset switch are connected to terminals in the 
transmitter end of the handle. A three-conductor 
cord connects the handset to the telephone set. In 
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Migure 46. Wiring diagram of handset with handswiteh. 


practice, the individual conductors of the cord 
usually are identified by the color of the con- 
ductor leads; here (and in most cireuit diagrams) 


they are designated T for transmitter, C for com- 
mon, and R for receiver. 


46. Induction Coil 


The circuits of the telephone sets of figures 40 
and 44, using dry cells alone, can be used to provide 
voice conversation only between telephone sets 
separated by short distances. The range may be 
extended, however, and performance and efliciency 
may be improved, by including an induction coil 
in the circuit. 

a. Functions. The induction coil performs two 
functions in this particular telephone set. First, 
it increases the voltage of the voice current 
generated by the transmitter. Second, it sepa- 
‘ates the transmitter and receiver currents so that 
the direct current of the transmitter circuit does 
not pass through the receiver (secondary) circuit. 

b. Circuit. The circuit of a local-battery tele- 
phone set with an induction coil is shown in A 
and B, figure 47. ‘The induction coil consists of 
two separate coils which have a common connec- 
tion and are wound on an iron core. One coil, the 
primary winding, receives the electrical energy ; 
the other, the secondary winding, delivers the elec- 
trical energy to the circuit. ‘The induction coil 
separates the circuit of the telephone set into two 
circuits, the transmitting circuit and the receiving 
circuit. 
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(1) The transmitting circuit is emphasized 
by the heavy lines in A. This circuit in- 
cludes the primary winding of the in- 
duction coil, the transmitter, the handset 
switch, and the battery, all in series. 
When the handset switch is closed, direct 
current from the battery is supplied only 
to the primary cireuit. 

(2) The receiving circuit is shown by the 
heavy lines in B. This circuit includes 
the secondary winding of the induction 
coil and the telephone receiver. 

(3) ‘The function of the transmitting and re- 
ceiving circuits of the telephone set will 
be considered after the following discus- 
sion of the basic principles of the indue- 
tion coil. 


47. Principles of Induction Coil 


a. Comparison with Transformer. The indue- 
tion coil is essentially a transformer. This simi- 
larity may be noted by comparing the circuit dia- 
grams of the transformer and induction coil in 
figure 48, Electrically, the action of an induction 
coil is the same as that of a transformer, and the 
same basic principles apply to it. The trans- 
former in its simplest form consists of two con- 
ducting coils which have mutual inductance be- 
tween them, The common connection between the 
windings of the induction coil does not affect the 
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Local-battery telephone set with induction coii. 
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Figure 46. Comparison af transformer and induction cail, 


mutual mduetance between the coils, As a result 
of the mutual inductance, a varying current in one 
winding induces an a-¢ voltage in the other. The 
value of the induced a-c voltage depends on the 
turns ratio and on the rate at which the current 
changes: the Ingher the rate of change, the greater 
the induced voltage. The induced voltage has the 
waveshape of the changing current. This action 
of the transformer is explained in detail in TM 
L1-681. 

b. Ideal Transformer. The properties of an 
actual transformer are understood more easily by 
considering the properties of an 7dea/ transformer. 
An ideal transformer has no electrical losses, 
None of the electrical energy supplied to it is lost 
in the production of the magnetic field in the iron 
core, or Jost as heat in the windings; and all the 
magnetic flux of the changing current in one wind- 
ing links all the turns of the other winding. Phys- 
ically this is not possible, of course, and no ideal 
transformer actually exists; but in performance 
the actual transformer approaches the ideal trans- 
former so closely that the latter serves very well 
to explain its action. 

(1) Figure 49 shows an 7dea/ transformer 
with an a-c generator connected to its 
primary winding and a telephone receiver 
connected as a load to its secondary wind- 
Ing. A-e ammeters and voltmeters are 
connected as shown, to indicate the pri- 
mary current, 7p, the primary voltage, 
Hp, the secondary current, /s, and the 


secondary voltage, Z's. 
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(2) Consider the primary winding to haye 
Vp turns and the secondary winding {9 
have Vy turns. Since the ideal traye 
former has no electrical losses, all tye 
power supphed to the primary winding js 
transferred to the secondary winding; 
The power input to the primary in wats, 
Lp times Ip, equals the power output of 
the secondary in watts, A’y times Z,, 
From this is obtained the relation, 


ft 3 i Pr 
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(3) Since all the magnetic flux of the py. 
mary winding links all the turns of the 
secondary winding, the mmpere-turns of 
the primary, /p times Vp, equal the aty- 
pere-turns of the secondary, /s times Vy. 
From this 18 obtained the relation, 
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(4) Since the ratio of secondary to primaby 
voltage equals the ratio of primary to 
secondary current (fig. 49), and the ratio 
of secondary to primary turns equals the 
same ratio of primary to secondary cur 
rent, the ratio of secondary to primaty 
voltage also must equal the ratio of sec- 
ondary to primary turns; or, 
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In other words, the secondary voltage 
equals the primary voltage times the ratio 
of the secondary turns to the primary 
turns. If this ratio is greater than one 
(if the secondary has more turns than 
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Migtre 40, fdedl transformer, 


step up the voltage. If the ratio is less 
than one, the transformer is said to step 
down the voltage. In many telephone 
applications, the transformers have ratios 
equal to one (the primary and secondary 
have the same number of turns). The 
primary and secondary voltages of these 
transformers are the same, and they are 
used to isolate or separate physically one 
electrical circuit from another. 

e. Letual Transformer. 


the primary), the transformer is said to 


In an «etwal trans- 
former, electrical losses do occur, ‘They include 
losses caused by the resistance of the winding and 
the energy taken to provide the magnetic field in 
the won core. Also, not all the magnetic flux of 
the primary winding links all the turns of the 
secondary winding, In actual transformers such 
as the induction coil, these losses are very small, 
however, and can be ignored. The action of the 
induction coil therefore is very similar to that of 
the ideal transformer, 


48. Induction Coil in Telephone Set 


a. Function. of Cirewit with Induction Coil. 
igure 60 shows a circuit of two local-battery tele- 
phone sets with énduction coils. To understand 
the function of the circuit in providing voice con- 
versation between the two telephones, assume that 
a person at telephone A is about to speak to a 
person at telephone B. 

(1) Before speaking into the transmitter, the 
person at telephone A closes the handset 
switch (fig. 50). This action completes 
the transmitter circuit, and battery cur- 
rent is supplied to the transmitter 
through the primary winding of the in- 
duction coil. The battery current re- 
mains constant: therefore no voltage is 
induced in the secondary winding of the 
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induction coil, and there is no current in 
the secondary winding. 
(2) This condition changes when the person 
at telephone A speaks into the transmit- 
ter (fig. 50). The sound waves of his 
speech produce a changing voice current 
in the transmitter circuit. The chang- 
ing current induces an a-c (voice-cur- 
rent) voltage in the secondary winding of 
the same waveform as that of the chang- 
ing current. As a result of the induced 
a-c voltage, a current is produced in the 
closed circuit consisting of the telephone 
line, the secondary windings, and the re- 
celvers of both telephones. The person 
at telephone B hears in his receiver a re- 
production of the original speech sounds, 
The circuit functions in the same manner 
for transmission in the opposite direction. 

(5) Both receivers are in the voice-current 
circuit during transmission from either 
end (fig. 50). Therefore, a person speak- 
ing into either transmitter hears his own 
voice in the receiver at his ear. ‘This 
sound, reproduced in the receiver of the 
speaker, is called sidetone. The sidetone 
effect can be reduced by means of an 
antisidetone circuit using an antiside- 
tone induction coil or an autotransformer 
(par. 59). 

b. Common Connection of Induction Coil. The 
cominon connection between the primary and sec- 
ondary windings of the induction coil does not 
affect its transformer action. The circuit in figure 
O10) would function just as well if the two windings 
were Separate, as ina transformer. However, the 
common connection simplifies the circuit for the 
handset, by permitting reduction of the number of 
handset cord conductors from four to three (fig. 
51). ‘The common connection also is used for spe- 
celal circuits such as the antisidetone circuit, and 
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that of the common-battery telephone set to be dis- 
cussed in the next chapter. 

c. Effect of Direct Current in Winding of In- 
duction Coil. The circuit in figure 50 prevents 
the direct current for the transmitter from passing 
through the receiver. ‘This is desirable, because 
telephone receivers are not designed to operate 
with direct current in the receiver-coil winding. 
The effect. on the receiver of direct current im the 
winding depends on the direction of the current; 
the direction can be such as to produce a magnetic 
flux which will either strengthen or weaken the 
field of the permanent magnet of the receiver, If 
the direction of the d-c magnetic flux is such that 
it aids the field of the permanent magnet, the pull 
on the diaphragm of the receiver increases. This 
usually makes the receiver more sensitive in its 
response to the voice current; but it also may 
bring the diaphragm into contact with the pole 
pieces, so that it is prevented from vibrating prop- 
erly; or the diaphra gm even may become clamped 
to the pole pieces. If the direction of the d-¢ mag- 
netic flux is such that it opposes the field of the 
permanent magnet, the pull on the diaphragm of 
the receiver decreases. ‘This usually makes the re- 
ceiver less sensitive to the voice current and lowers 
its efficiency. Where permanent-magnet receivers 
are required to operate with direct current in the 
winding, the practice is to connect. them so that 
the pull of the magnet is strengthened by the direct 
current. This is called poling the receiver. The 
induction coil does away with the necessity of 
poling the receiver of the local-battery telephone 
set. 

d. Percent Change in Resistance Caused by In- 
duction Coil. The induction coil in figure 50 
increases in two ways the voltage of the voice cur- 
rent generated by the transmitter: First, it acts 
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as a step-up transformer (since the secondayy 
winding has more turns than the pr imary), ald, 
second, it causes a greater perce nt change M the 
resistance of the transmitter circuit, 
(1) To understand the effect of the inductiyy 
oil in increasing the percent change 4) 
the resistance of the transmitter cireuj, 
compare the cirenits in A and B, figtye 
52, In both, the generators and ringsys 
are omitted, since their resistance is relg. 
tively much greater than that of the other 
components. In A, the transmitter of 
telephone A is in series with all the 
other circuit components: both recetvebs, 
both batteries, the telephone line, ¢ and the 
other transmitter. In B, the transmittey 
of telephone A is in series only with the 
battery and primary winding of the 1y)- 
duction coil. Now, the primary of the 
induction coil of the latter cirewt has a 
much lower resistance than the total Pe- 
sistance of the components connected ip 
series in the former circuit. Because of 
this big difference in the circuits, the 
change in the resistance of the transmit- 
ter of each set, under the action of the 
sound wayes of speech, produces a greater 
percent change in the total resistance of 
the cirewit in B than m A. 
The greater the variation of the total 
resistance, the greater is the current ln 
the transmitter cirenit. This is the same 
as saying that the amplitude of the volte 
current is increased (since the frequency 
of the speech sound wave is the same), 
As a result, the voltage of the voice ety 
rent induced in the secondary winding of 
the eirenit with the induction coil, in B, 
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Figure 82, 


is greater than the voltage of the voice 
current generated by the transmitter In 
A, the cirenit without the induction cot. 


e. Advantage in Use of Induction Coil. Be- 
cause the induction coil, in B, increases the voltage 
of the voice current generated by the transmitter, 
it can be used to provide voice conversation over 
greater distances, The resistance of the talking 
circuit between two telephone sets becomes greater 
with increase in the length of the connecting tele- 
phone line. Telephone lines have a certain amount 
of current leakage, and this, too, increases with the 
length of the line. The greater resistance and 
current leakage in long telephone lines reduce the 
voice current in the circuit. ‘The increased yolt- 
age produced by the induction coil increases the 
effective range of practical telephone communi- 
cations. 


49. Structure of Induction Coil 


Figure 53 illustrates a typical induction coil, 
consisting of coils of insulated copper wire wound 
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Transmitter circuits with and «without induction coils. 


around a laminated silicon-steel core. The ends 
of the windings are brought out to terminals 
mounted on a bakelite insulator. The laminated 
core minimizes power losses caused by eddy cur- 
rents induced in the core by the varying voice cur- 
rent. Induction coils are of closed-core type and 
Open-core ty pe. 

a. Figure 538 illustrates an induction coil of the 
closed-core type. The steel core incloses the coils 
completely, providing a closed magnetic path for 
the lines of force. Because the magnetic path of 
this type of coil has less reluctance than that of 
the open-core type, it 1s more efficient. 

b, An induction coil of the open-core type is 
shown in figure 54. This coil usually has a core 
made of a bundle of round iron wires which does 
not provide a complete magnetic path around the 
coil. Part of the path of the magnetic lines of 
force passes through the air from one end of the 
iron core to the other. Because of this, the re- 
luctance of the magnetic circuit is greater, and 
the magnetic flux less, than that of a closed-core 
coil with the same current in the winding. The 
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Figure oa. Closed-core induction coil, 


open-core coil also has a greater leakage flux; that 
is, all of the magnetic flux produced by the pri- 
mary winding does not link the secondary wind- 
ing. Both of these factors increase the impedance 
of the coil, 
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50. Hand Generator 


a. Function of Hand Generator. The hand gen- 
rpator enables the telephone user to signal the 
switchboard when placing a telephone call. It 
venerates an a-c voltage which provides signal- 
ing current for operating the signaling device. 
The signaling device used at the switchboard 1s 
the Jine drop; at the called telephone station it 1s 
the ringer. The hand generator often is called 
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Figure 66, Principle of electron viguetio Grd we cto 


the magneto. and because it 1s included in #l 
local-battery telephone sets, local-battery systs 
sometimes are called magneto systems. 

b. Principle of Land Generator. The action of 
the hand generator depends on the principle Of 
electromagnetic induction, which may be stated 
as follows: An emf is induced in a conductor whieh 
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Figure 66. Operating principle af hand generator. 
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moves in such a iwnay as to cut lines of force i OL 
magnetic field. The induced emf is proportional 
to the strength of the magnetic field and to the 
rate at which the lmes of force are cut. mereas- 
mg as the rate at which they are cut increases. 
The direction of the induced emf depends on the 
direction of the magnetic field and on the direc- 
tion of the motion of the conductor through the 
field. Figure 55 shows this relation. Thus, if 
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the conductor is moving down in a magnetic field 
extending from left to right (north pole to south 
pole), the polarity of the induced emf is as indi- 
cated, 

c. Production of Alternating Current by Hand 
Generator. igure 56 shows a conductor that is a 
single coil of wire fixed to rotate on an axis be- 
tween the poles of a horseshoe magnet. Attached 
to the poles of the magnet are pole pieces of cast 
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Figure 57. Emf inducted by coil rotating in magnetic field. 
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iron, used to concentrate the magnetic flux in the 
space between them. When the coil is rotated, it 
ents the magnetic field of the magnet, and an emf 
is induced in it. Figure 57 shows successive posi- 
tions of the coil as it rotates between the pole 
pieces, along with graphs of the waveshapes of the 
induced emf plotted against éime for the rotation 
between the successive positions. 

(1) When the coil is vertical, as in A, the two 

sides parallel with the axis of rotation 
are moving parallel with the lines of 
force, and are not cutting them; therefore 
the induced emf is zero. As the coil ro- 
tates from this position in the direction 
of the curved arrow (clockwise), the rate 
of cutting and, therefore, the induced emf 
increase until the coil is horizontal, as in 
B. At this point, the rate of cutting of 
the magnetic hnes of force and, therefore, 
the induced emf are maximum. As the 
coil rotates farther, in C, the rate of cut- 
ting, and, therefore, the induced emf de- 
crease until the coil is vertical. At this 
point, the rate of cutting of the magnetic 
lines and, therefore, the induced emf are 
zero again. ‘This second vertical position 
of the coil differs from the first, in that 
the coil as a whole has undergone a 180° 
change of position. Terminal 2 is now 
above terminal 1. 
The second half-revolution of the coil 
repeats what occurred above, except that 
the induced emf is of opposite polarity to 
that of the first half-revolution. ‘T 


(2) 


This is 
to be expected, because of the reversal of 
the position of the coil. 

Hach complete revolution of the coil thus 
generates 1 cycle of an alternating emf. 


(3) 
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Circuil of hand generator, 


When the coil is connected through slip 
rings to a closed, external cireuit, this in 
duced alternating emf produces an alter: 
nating current in the cireuit. A greater 
induced voltage can be obtained by ii 
creasing the number of turns of the Coil, 
d. Cireuit of Hand Generator. In figure 58, A 
illustrates the generator circuit of a local-battery 
telephone set, with the hand generator shown As a 
block. The cirenit ineludes the hand generator {nd 
the hand-generator switch. In its norn 1a] position, 
the hand-generator switch keeps the hand-gen- 
erator circuit open and the ringer cireuit closed. 
When the hand generator is used to signal, its 
ope ‘ation automatically opens the ringer circuit, 
preventing signal current from activitating it, and 
closes the hand-generator circuit, putting the band 
venerator across the terminals of the telephone Set. 
B shows the same cireuit, using the schematic 
symbol for a hand generator. The symbol includes 
the hand-generator switch. 


51. Structure of Hand Generator 


a. Magnets of Hand Generator. ‘The maenetie 
field in the hand generator illustrated in figure 59 
is supplied by permanent bar magnets arranged 
on either side. The magnets are made of alnico, a 
special steel alloy which has high magnetic ret@n- 
tivity and is capable of providing a strong mig- 
netic field. The magnets are provided with pole 
pieces located as shown. The rotating coil consists 
of many turns of fine enamel-insulated wire wound 
on an iron core. The combination of coil and iron 
core is called the armature. 

bh. Armature of Hand Generator. Figure 60 
shows the construction of the armature of a hand 
generator, One end of the coil winding is con- 
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nected to the armature core and the other end to a 
pin in the axis of the armature shaft. ‘The pin is 
insulated from the rest of the shaft, A flat spring 
(not shown), pressing against the pin, completes 
the circuit from the armature to one terminal of 
the hand generator. The frame of the hand gen- 
erator Js in contact with the armature core and 
acts as the other terminal. 
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igure 60, Construction of armature of hand generator. 
c. Other Types of Hand Generators. Other 
types of hand generators have slightly different 
arrangements for producing the magnetic field. 
The type shown in figure 41 uses U-shaped or 
horseshoe-shaped permanent magnets fitted over 
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Hand generator. 


the pole pieces. The number of magnets used 
varies from two to five, depending on the size of 
the hand generator. Another type of hand gen- 
erator has a fixed armature and a rotating magnet. 

d. Hand-Generator Switch. The hand-genera- 
tor switch is fastened to one end of the hand gen- 
erator (fig. 61). It consists of a pile-up of phos- 
phor-bronze springs separated by insulators. The 
spring assembly includes the terminals of the hand 
generator and the contact to the insulated pin of 
the armature shaft which completes the armature 
circuit. The switch is operated by the motion of 
the shaft of the hand generator as the crank is 
turned. 


52. Mechanical Operation of Hand Generator 


a. Operation of Hand-Generator Switch. 

(1) The crank is mounted on a crankshaft 
extending the full length of the hand 
senerator (A, fig. 61). On the erank- 
shaft, free partially to rotate, is a drive 
gear which meshes with a pinion gear 
mounted on the shaft of the armature 
below. ‘The drive gear has an extended 
hub with a matched end which mates with 
a V-ended cam pinned to the crankshaft. 
A compression spring, coiled about the 
crankshaft within a retaining collar on 
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the crank, presses against the drive eear 
on one side and the crank on the other. 
In the nonoperating position, the pres- 


sure of the spring separates the retaining 


collar and drive gear, mating the eam in 
its notch and keeping the tipped exten- 
sion of the crankshaft from touching the 
hand-generator switch. 
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(2) As the generator crank is turned, the 
magnetic field tends to prevent the arnia- 
ture from rotating. Initially, this mag- 
netic drag through the gears prevents the 
drive gear from rotating, and the eam 
rides up the face of its V-notch, forcing 
the crankshaft to move slightly 
to the left, as in B. This motion causes 
the tipped extension of the crankshaft to 
operate the  hand-generator 
mounted at the left. The retaining collar, 
by jamming against the drive vear, limits 


encwise 


ewitch, 
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both the motion of the shaft ancd the 
travel of the cam up the face of the noteh, 
After it has jammed, further turning of 
the erank causes the drive gear and arma- 
ture to rotate, The armature by its roty. 
tion in the magnetic field generates the 
emf for the signaling current. When the 
crank is released, the compressed sprig 
restores the crankshatt and the hand. 
generator switch to their nonoperating 
positions. The pinion gear usually js 
connected to the armature shaft im sue] 
i manner that when cranking has ceased, 
the armature is free to rotate and aline 
itself with the field between the poles, 
This conserves the life of the permanent 
Inagnets, 


by, Operating Speed af Hland Generator. The 
hand generators used in local-battery systems de- 
velop an emf of approximately 85 to 90 volts at 
a frequency of 16 to 20 cycles at normal cranking 
speed. Both the frequency and the generated 
voltage depend on the speed with which the gen- 
erator is cranked. Each rotation of the armature 
produces 1 eyele of alternating current. The gear 
ratio between the drive gear and (the armature 
pinion gear is about 5 to 1. To produce the re- 
quired ringing frequency of 16 to 20 eyeles with 
this arrangement, the drive gear must be rotated 
shghtly more than three times per second. 

e. A recently designed hand generator which 
is now being used on many military equipments is 
Mlectrically, the performance 
of this generator is comparable to the generator 


shown in figure 62, 


described previously and its funetioning is sim- 
ar, Mechanically, the unit has been modified, 
The generator is smaller and can be removed from 
wh equipment, disassembled, and serviced with 
relative ease. When using the generator, the op- 
erator has a choice of spinning the dial with his 
fingers or cranking in the usual manner. ‘The 
crank is pivoted and can be snapped into a com- 
partment on the face of the dial when it is not 
being used. 


53. Ringer 


Function of winger, The ringer is the sional- 


the telephone set. By sounding, it 
signals all within earshot that the telephone is to 
Usually it 
operates on the low frequeney of about 20 cycles 
cenerated by the hand generator or 


Ing device of 
he answered. is an electric bell whieh 


ringing Ma- 
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A. Unit removed from equipment 
B. Unit with cover removed 
Hand generator, 


Figure 62. 


chine, 
later.) 
b. Operating Principle of Pinger. 
(1) Figure 63 shows a simplified diagram of 
Two electromagnets, coils 


(The ringing machine will be described 


the ringer. 
wound on soft-iron cores, are perma- 
nently joined at the upper ends by a soft- 
iron yoke to form a horseshoe magnet. 
A soft-iron armature, pivoted at its cen- 
ter, is placed under the cores of the elec- 
tromagnets. The armature carries a 
clapper rod and a clapper which can vi- 
brate between the two gongs (bells). A 
permanent magnet in the form of a shal- 
low U is secured by one end to the yoke: 
its other end is bent around to lie ad- 
jacent to, but not touching, the center 
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Figure 63. Ringer. 
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CURRENT 


(2) 


(3) 





of the armature. The coils of the electro- 
magnet are so wound that when a cur- 
rent passes through them they are mag- 
netized in opposite directions; thus, if 
the lower end of coil M1 becomes a north 
pole, the lower end of coil M2 becomes 
a south pole. 

The operating principle of the ringer is 
illustrated in figure 64, When there is 
no current in the ringer, the cores and 
armature are magnetized by the perma- 
nent magnet, and the path of the mag- 
netic flux isasshownin A. If the upper 
pole of the magnet is assumed to be a 
north pole, the flux of the permanent 
magnet has a path through the yoke, the 
cores of the electromagnets, the air gap 
between the cores and the armature, the 
armature, and the air gap between the 
armature and the south pole of the per- 
manent magnet. Since the reluctance of 


the magnetic path is the same through 
either core, the magnetic lines of force 
distribute evenly between them; the mag- 
netic pull of the cores on the armature 
is equal, and the armature occupies the 
balanced position shown. 

Alternating current through the ringer 


CURRENT 


> 


NO GURRENT 


Figure 64. 


(4) 





FIRST HALF-CYCGLE 


upsets this magnetic balance. Since the 
current changes direction each half-cyele, 
one core alternately is made magnetically 
stronger than the other. If the current 
direction for the first half-eycle of ring- 
ing current is taken as shown in B, the 
magnetic flux in core M1 is strengthened, 
whereas that in core MY is weakened. 
This results in an increased pull on the 
armature by core M1, which attracts the 
left end of the armature and causes the 
clapper to strike the right gong, 

Tn the second half-eyele, in C, the current 
reverses its direction. ‘The magnetic 
flux in core M2 now is strengthened, and 
that in core M1 is weakened. Asa result, 
the right end of the armature is attracted 
by the greater magnetic pull of core M2 
causing the clapper to strike the lef 
gong. ‘The continuous change in the dj- 
rection of the current thus alternately at. 
tracts the armature to one core and they 
the other, causing the clapper to vibrate 
between the gongs. Because of the jnj- 
tial magnetic field set up by the perma. 
nent magnet, such ringers are te med 
polarized ringers. 


c. Structure of Ringer. Nigure 65 illustrates y 
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typical local-battery-telephone ringer. ‘The coils 
are wound of many turns of fine enamel-insulated 
wire. Externally, they are wrapped with soft 
cotton fiber as a protection against mechanical in- 
jury, and then impregnated with varnish to keep 
out moisture. The two coils in series have a d-c 
resistance of 1,500 ohms and an impedance, at 1,900 
cycles, of 18,750 ohms. The yoke, electromagnet 
cores, and armature are made of soft iron which 
retains very little magnetism when the magnetiz- 
ing current or the permanent magnet is removed. 
‘The ringer has a single gone with a split section 
between which the clapper vibrates. ‘The gong 
and clapper usually are made of brass. The ends 
of the armature are fitted with brass tips, to pre- 
vent residual magnetism from causing them to 
stick to the core ends, 

d. Circuit of Ringer, 
ringer circuit of the local-battery 
It includes the ringer and the hand-generator 
switch. In the normal position, the hand-gen- 
erator switch connects the ringer across the ter- 
minals of the set. 


Fiecure 66 shows the 
telep! yhone set, 
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Local-battery ringer. 


54. Signaling Circuit 


Figure 67 shows the signaling circuit of two 
local-battery telephone sets. It includes the hand 
generator and the hand-generator switch of tele- 
phone A, the telephone line, and the hand-gen- 
erator switch and ringer of telephone B. ‘To call 
telephone b, a person at telephone A first turns 
the crank of the hand generator. This closes the 
hand-generator switch and puts the hand gen- 
erator across the telephone line. The hand gen- 
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Figure G6. Cireuit of ringer. 
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erator sends a 20-eyele ringing current to the 
ringer at B through the connecting circuit pro- 
vided by the line and the hand-generator switch of 
B. The sounding of the ringer signals someone 
at B to answer the telephone. When the tele- 
phone is answered, the conversation proceeds, 
Both ringers are connected across the telephone 
line during the talking period, but their high im- 
pedances prevent the shunting of the voice eur- 
rents through them, Of course, at the end of the 
ringing, the hand-generator switch of telephone A 
opens its hand-generator circuit, leaving the hand 
venerators at Bach telephone diceonnected from 
the talking circuit. Because each hand-generator 
switch keeps ‘its hand-generator cireuit diseon- 
nected at all times except during ringing, it also 
prevents the shunting of the ringing current 
through its hand generator when its ringer is ac- 
vated, The armature of the hand generator has 
a lower impedance than the ringer; if it were not 
removed from the line, the shunting of signaling 
current through it qoute weaken the response of 


the ringer. 


55. Capacitor 


A capacitor is an electric device of many pur- 
poses, among which are the coupling of alter- 
natine-current circuits and the blocking of direct 
current. It consists of two conductors called 
plates, ov electrodes, between which exists, or is 
inserted, an insulating material called a dielectric. 

{se in Telephone Circuit. In the local-bat- 
lery telephone set, a capacitor is used to reduce or 
limit the 20-cycle ringing current through the 
telephone receiver, 

b. Principle. Vhe principle of the capacitor de- 
pends on its ability to store an electric charge. 
When a capacitor is connected to a source of emf, 
it takes electrical energy from the source and 
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stores 1t in the form of an electric held, establis} 
between the plates. The effect of a Sent 7 and 
apacitor « 
current in the cireuit depends on ww hether ¢] 7 
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voltage. 
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tion switch, 
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Ca vil a 
tor. Instantly, there 1s a floy, ks Pitas 
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Claa. 


trons between the battery anq the 1. 
of the capacitor. The electron How hes 
stitutes a charging current whieh eee 
the voltage across the capacitor Cua] *€ 
that of the battery. As SOOLL pe t 
capacitor voltage equals that of the 19 
tery (almost instantaneously) the aie 
tron flow stops and the battery Supplies 
ho more current to the civeuit, The a 
pacitor has taken electrical ener oy J 
the battery and is now storing te i) t] 
form of an electric field, set up and =i “ue 
tained between its plates. The ¢ apaciine 
ean return this stored energy to the ¢ h 
cuit. Tor example, if the syij ¥j 
thrown to position 4. the 


euil is open. 
is thrown to position 1, connec: 
battery across the t terminals of fhe) 


el) how is 
: Capacitor (ig. 
charges, releasing its stored 


; Cneroy 
through the cireuit comMecting 


minals. The direction of the Se 
Ing current 1s opposite to that of the 
charging current, and the Voltage acrose 
the capacitor falls to Zero, The 
amount of charge x capacitor wi]] take 
depends on its capacitance and the yolt. 
age of the source to which jit is con- 


nected, The capacitance is determined 


by the size, structure, and materials of the 
capacitor—that is, the area of its plates, 
the distance between the plates, and the 
dielectric material separating the plates, 
It imereases with increase of the area of 
the plates and with decrease of the dis- 
tance between them. The effect of the 
cielectric depends on the insulating value 
of the material of which it consists. A 
capacitor having a dielectric with a 
greater insulating value, such as mica, 
has a higher capacitance than one of 
equal dimensions but with a poorer in- 
sulating value, such as dry paper. The 
unit of capacitance is the farad. Since 
the farad is too large a unit for general 
electronic use, capacitance usually is ex- 
pressed in pf (microfarads). (One pf is 
one-millionth of a farad.) A capacitor 
takes a full charge almost instantly when 
a d-c voltage is applied; however, if re- 
sistance 1s connected in series with the 
battery and the capacitor, the time re- 
quired fully to charge or completely to 
discharge the capacitor is increased. 
Itxcept for the initial charging current, 
there is no current in the capacitor cir- 
cenit when a d-e voltage is applied. 
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A. Direct current. 
L. Alternating current. 


Figure C8. Capacitor circuits. 


(2) A-e voltage. TB, figure 68, shows an a-c 
generator connected to the terminals of a 
capacitor, The generator supplies a 
sine-wave a-c voltage. Thus, the voltage 
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across the capacitor rises to a maximum 
and falls to zero first in one direction and 
then in the opposite direction. During a 
complete cycle of the generator voltage, 
this voltage makes one plate of the capac- 
itor positive for one half-cycle and the 
other plate positive for the next half- 
eycle. ‘Therefore, in the cirenit between 
the generator and the capacitor, there is a 
continuously varying flow of electrons 
first in one direction and then in the op- 
posite direction, which constitutes an 
alternating current. Although there is 
alternating current 7m the cireutt there is 
none through the capacitor. The fre- 
quency of the alternating current in the 
circuit (fig. 68) is the same as that of the 
a-c voltage of the generator. The 
amount of current in the circuit, however, 
is determined by the capacitor, which 
tends to oppose the presence of the cur- 
rent. The opposition of the capacitor 
to the current is termed capacitive re- 
actance, and it depends on the frequency 
of the applied voltage and the capaci- 
tance of the capacitor. ‘The capacitive 
reactance is higher for lower frequencies 
and higher for smaller values of capaci- 
tance. Because the capacitive reactance 
is large at the lower frequencies, the a-c 
current in a circuit is reduced by adding 
1 capacitor to the circuit. A more com- 
plete discussion of the capacitor is in- 


eluded in TM 11-681, 


56. Structure of Capacitor 


Figure 69 shows the structure of one type of 
capacitor. Each of the two plates is a thin sheet 
of tinfoil, to which a lead (wire) is attached for 
the purpose of making connections. The plates 
are separated by a sheet of waxed paper. To save 
space, the tinfoil plates and the waxed-paper 1n- 
sulator are formed into a flattened rectangular 
roll. The roll then is inserted in a metal can 
which is filled with wax and then sealed to keep 
moisture out. The connecting wires are brought 
out to insulated terminals mounted on one face 
of the can. Figure 70 shows three capacitors used 
in local-battery telephone circuits; the one with 
the four terminals is actually three capacitors 
mounted in one metal can. Other capacitors used 
in telephone circuits have mica as an insulator 
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CONDUCTOR reactance at the 20-cycle frequency of the signal_ 
INSULATOR ing current, but a relatively low capacitive r@. 
actance at the 200- to 2,700-cycle frequency (ay. 
proximately) of the voice current. The high ea_ 
pacitive reactance at the low signaling frequency 
increases the impedance of the receiver eiren\t 
for the signaling current, whereas the impedands 
for the higher-frequency voice current remail\s 
relatively unchanged, Thus, the voice current bo 
the receiver is not affected by the capacitor. 

6. If there were no capacitor in the receives 
cireuit (fig. 71), the cirenit of the telephone ee 
ceiver and the secondary Winding of the ade 
BAKELITE tion coil would have an impedance lower th 4 
¢ that of the ringer. Since the recelyer mica MAT ; 
see Teoh Sele in parallel with the ringer circuit, it wi ld ee 
Figure 69. Structure of capacitor. vide an additional path for the sienaline ae 

so that when a distant telephone get eee lect 
between the metal coil, They are more stable large part of the signaling current y iy 
with changes in temperature than waxed-paper shunted through the receiver circuit, 
capacitors, their value of capacitance usually is reduce the current through the riy 
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58. Sidetone 


57. Capacitor in Telephone Circuit a, Sidetone is sound transmitted (} 


rough; « 
# ‘ ! Ly 1 Fi Lis 5 i TT eo ae 7 & al loc: 

a. Figure 71 shows the circuit of a local-battery path from the ti ASTRAL to the rece; ver of a 
telephone set with capacitor C1 in the receiver same telephone set. T his effect Was pointed Ae a 
circuit (heavy lines). This capacitor usually has — connection with the circuit of figure 59 (par 48). 


a capacitance of buf. It has a high capacitive Sidetone results when two telephone sets such 
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Figure 71, Capacitor tn telephone cireuil, 
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those of figure 71 are connected as in figure 72. 
The heavy lines of the latter figure show the mu- 
tual path of the voice current in the receiver cir- 
cuits of the two telephone sets. Both telephone 
receivers are connected in a series circuit along 
with the secondary windings of both induction 
coils, both capacitors, and the connecting telephone 
line. The voice current produced in this cireuit 
by a person speaking at either telephone passes 
through both receivers and is reproduced as a 
sound wave of speech in each one, Persons at both 
telephones therefore hear their own yoices repro- 
duced in their own receivers. 

6. Although the receivers in figure 72 are con- 
nected in series, the yoice current in the telephone 
set of the speaker is greater than the voice current 
in the set of the listener. Two factors contribute 
to make this difference. One factor is current 
leakage from the telephone line connecting the two 
telephone sets. Such leakage will be explained in 
a later chapter. Because of this current, leakage, 
the sidetone in the receiver of the speaker is louder 
than his words in the receiver of the listener, and 
the voice of the speaker sounds louder to him than 
it does to the listener. The other factor is in- 
crease of the voice current in the secondary wind- 
ing caused by the transformer action of the in- 
duction coil, This increased voice current, passing 
through the receiver of the speaker, further in- 
creases its output of sidetone., 

¢. A loud sidetone is undesirable in the telephone 
set for three reasons, First, when the speaker 
hears his own voice loudly reproduced by the re- 
ceiver, he usually lowers his voice. ‘This reduction 
of the sound input of the transmitter reduces its 
voice-current, output, which in turn reduces the 
current in the receiver of the distant. telephone set. 
Second, the amplified and comparatively loud 
tones reproduced in the receiver of the speaker 
tend to lessen the sensitiveness of the ear of the 
speaker to the more feeble voice current from the 
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distant telephone set. Third, local room noise is 
picked up by the transmitter and is heard by the 
local listener along with the voice of the distant 
speaker. ‘These surrounding noises, reproduced 
in the local telephone receiver, both distract the 
listener and reduce the intelligibility of the words 
he hears. The effect is particularly objectionable 
when the telephone is used in unusually noisy loca- 
tions. Many antisidetone circuits greatly reduce 
the undesirable effects of sidetone. One, commonly 
used by the Army in local-battery telephone, will 
be deseribed. 


59. Principle of Antisidetone Circuit 


An ideal antisidetone circuit is one that prevents 
the passage of voice currents from the transmitter 
to the receiver of the same telephone set. How- 
ever, a path is provided to the receiver for voice 
currents originating at a transmitter of a distant 
telephone set. This means that a person talking 
into a telephone set equipped with an ideal anti- 
sidetone circuit cannot hear his own voice in the 
recelver, but can hear in his receiver the voice of a 
person at the other end of the line. In actual prac- 
tice, an ideal antisidetone circuit is not obtainable, 
and, even if it were, it would not be desirable. 
There is a good psychological reason for this. It 
has been found that it is advantageous for the 
speaker to hear his voice faintly in his receiver, 
which assures the speaker that his telephone set 
is in proper working order, In the explanation 
which follows, the ideal antisidetone circuit will be 
considered. 

a. A, figure 73, shows a d-e Wheatstone-bridge 
circuit. The four resistors, R1, R2, R3, and RA, 
ealled the arms of the bridge, are connected to a 
battery. A galvanometer—a current-indicating 
instrument—is connected to junction points A 
and B. Current from the battery is supplied re- 
sistor branches RI-RY and R3—-Rh4; consequently, 
there is a potential difference (voltage) across 
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Figure 78. Development of antisidetone circuit. 


each of the resistors. When, in addition, there is a 
potential difference between points A and B, cur- 
rent passes through the galvanometer and causes 
it to deflect. The bridge is said to be balanced 
when there is no potential difference between 
points A and B, and the galvanometer does not 
deflect. This occurs when the values of the resis- 
tors are such that the ratio of R1/R2 equals ratio 
R3/R4. Thus, when the bridge is balanced, there 
is no current through the galyanometer. 

b. In B, the resistors are replaced by imped- 
ances which, in addition to resistance, have induc- 
tive or capacitive reactance; the battery is replaced 
by an a-c since-wave generator, and the galva- 
nometer is replaced by a telephone receiver. This 
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arrangement constitutes an “l-c 
which, when balanced, passes no current thre 
the receiver. The a-c voltage supphed es a ough 
erator is of fixed frequency, When the bleed 
not balanced, there is a potential difference ia 
tween points A and B, and this produces an alt a 
hating current through the receiver and cae 
sound in it. When the ratio of the isd ee 
41/22, equals that of £3/ZA4, however the brides 
is balanced, and there is neither anna’ riof sou ad 
in the receiver, : 
c. In place of the a-c generator, a transmitter 
and a battery may be used as the source of a-c volt- 
age, asin C. Also, in place of impedance Z4, the 
impedance of a telephone line and connected tele 


bridge ¢j reuit, 


phone set, Z(line), may beused. If Z(line) equals 
Z4, the bridge still is balanced, because the 
ratio of impedance Z1/Z2 now equals that of 
£3/Z(line). When a voice-current voltage is gen- 
erated by the transmitter, there is no current 
through the receiver, and it does not sound, but 
there is a voice current in each of the impedances 
of the bridge circuit, one of which is the telephone 
line and the connected telephone set Z(line). This 
voice current is reproduced by the receiver of the 
telephone set, but not by the receiver of the bridge 
cireuit. On the other hand, voice current from 
the transmitter of the connected telephone set pro- 
duces a response in the bridge receiver. This 
response occurs because the bridge is not balanced 
for a voltage applied between terminals L1 and 
2. The bridge arrangement. in C can be used as 
the circuit of a telephone set which eliminates side- 
tone, provided the condition of balance is satisfied 
at, all voice-current frequencies. In practice, it is 
impossible to secure an exact balance over the 
entire range of voice frequencies, because the im- 
pedances of the components of the cirewt vary 
with frequency ; but, for any given telephone line, 
the balance can be so adjusted that the sidetone is 
small. Since the impedance of the transmission 
line is considered one of the components of the 
antisidetone circuit, the efficiency of the cireut 
depends in part on the length of the line connect- 
ing the two telephone sets. 

d. When transmitting with this circuit, part of 
the energy of the voice current is wasted in im- 
pedance arms Zl and Z2 as well as in Z3 and 
Z(line). However, by substituting windings N1 
and N2 of a transformer or induction coil, as in 
D, the loss of energy can be reduced, If N1 and 
N2 were the windings of an ideal transformer—if 
they had negligible resistance—no energy would 
be wasted in them; all the energy would be used 
in impedances Z3 and Z(line). 

e. The induction coil in D can be replaced by 
one haying a separate primary winding, N, as in E, 
This does not change the bridge action of the eir- 
cuit, but it permits the voltage of the voice current 
generated by the transmitter to be stepped up or 
down effectively in any desired ratio by choice of 
the proper number of primary turns. Thus, a 
transmitter of any resistance can be used efli- 
ciently. In an actual telephone set, the element 
Z3—which may consist of a noninductive resist- 
ance—is combined physically with the resistance 
of winding N1., 

f. The cirenit with the type of induction coil 


called an autotransformer is shown in F. An auto- 
transformer is a transformer, the primary and sec- 
ondary of which are part of the same winding, 
An a-c voltage applied across a portion of the 
turns of the autotransformer induces an a-c volt- 
age in the full winding, because the autotransfor- 
mer is so designed that the varying magnetic flux 
in the turns to which the voltage is applied links 
all the other turns. As in the case of a standard 
transformer, the primary winding is the one to 
which the voltage is applied, and the secondary is 
the one in which the voltage is induced. N1 and 
N2, in I’, are parts of a single winding, with inter- 
mediate connections at points 2 and 3. The 
voltage of the voice current generated by the trans- 
mitter js applied across pots 2—5, part of winding 
NY. This part of the winding. N2, is therefore 
the primary winding, Np, of the autotransformer, 
The varying voice current in Np induces a voltage 
in winding N1I—N2. This induced voltage is greater 
than that applied to the primary winding, Np, be- 
“use winding NI-N2 has more turns than wind- 
ing Np. The use of an induction coil of the 
wutotransformer type produces a step-up in the 
voltage of the voice current which appears at ter- 
minals 1-4 of secondary winding N1-N2. In this 
circuit, since the transmitter is connected across 
the same number of turns (Np) as in the cirenit 
shown in FE, the action is essentially the same. Use 
of the autotransformer, however, does result in a 
slightly more eflicient cirenit. 


60. Operation of Antisidetone Circuit 


a. VWigure 74 shows the circuit between two local- 
battery telephone sets with antisidetone circuits 
and also the actual relation of the coil windings. 
The induction coil is of the autotransformer type 
with a continuous winding wound in the same di- 
rection between terminals 1 and 4, The coil has 
connections on the winding at intermediate points 
2and 3. These connections, together with the end 
connections, 1 and 4, are brought out to terminals 
mounted on the coil frame. In the antisidetone 
circuit the transmitter, handset switch, and bat- 
tery are connected to terminals 2 and 8. Winding 
9-3 is the inner winding, or primary, of the coil, 
The receiver is connected to terminal 3 and one 
terminal of capacitor C2. Winding 3-1 Is part of 
the onter winding of the induction coil. ‘The sec- 
ondary is the complete coil between terminals 1 
and 4. ‘The terminal notations of figure 74 are 
similar to those in I’, figure 73. Capacitor C2 is 
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part of impedance Z3 of that figure; its resistance 
portion is included as the resistance of winding 
1-2 of the induction coil. ‘This winding, together 
with capacitor C2, is called the balancing network 
of the bridge circuit. 

6. The heavy lines in figure 74 show the com- 
plete talking cireuit between the two local-battery 
telephone sets. A person speaking into the trans- 
mitter of telephone A produces a varying voice 
current in the 2-3 winding of the induction coil. 
This Induces a yoice-current voltage across ter- 
minals l-4 which provides a voice current in the 
Se: of the transmission line and telephone set 
B. hk or the Voice-current voltage applied to the 
2-3 winding, telephoned, the line, and telephone 
B form a balanced-bridge cireuit for the receiver 
of telephone A. Asa result, the voltage between 
pomt 8 and the straight-line plate of capacitor 
C2 is zero, and there is no voice current through 
the receiver of telephone A. At telephone B, how- 
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Simple telephone system showing antisidetone circuits, and arrangement of windings in induction coil 


ever, the voice current results in a voltage across 
the LI-L2 terminals; the bridge circuit is not bal- 
anced for a voltage applied across these points: 
therefore there is voice current through the 29 
ceiver of telephone B. The circuit functions in 
the same manner when the transmitter of tele. 
phone B provides voice current in the circuit to 
telephone A, except that the situation js reversed. 
The receiver of telephone B then is across the 
balanced-bridge circuit for the voice-current volt- 
age of its transmitter. There is no current 
through receiver B, but there is current through 
receiver A, ‘Thus, the antisidetone cireyjt a 
duces sidetone by preventing the voice current. of 
the local transmitter from passing through the lo- 
cal receiver. 

c. Another explanation of antisidetone action 
can be obtained by considering the simplified eir- 
cults of figure 75. The transmitter and its battery 
are connected, in A, to terminals 2 and 3 of the 
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autotransformer. ‘The secondary of the auto- 
transformer is the complete winding between ter- 
minals 1 and 4. The receiver is connected to 
terminal 3 of the autotransformer and to one side 
of capacitor C2. Capacitor C2 is necessary to 
complete the antisidetone action. 

(1) Zransmitting. 'To show the reason for 
the location of the receiver in the circuit, 
assume first that the receiver 1s omitted, 
as in B. When a person speaks into the 
transmitter, a varying voice current is 
set up in the 2-8 winding of the auto- 
transformer. ‘This action results in a 
varying voltage between terminals 1 and 
4 (the secondary) of the autotrans- 
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action, functional diagrams. 


former. To simplify the explanation, 
consider an instant of time when the 
polarity of the induced voltage 1s as 
shown, with terminal 1 negative and ter- 
minal 4 positive. This voltage causes a 
current to flow through the external clr- 
euit, which consists of the telephone line 
and the distant telephone set, capacitor 
C2, and the autotransformer. The direc- 
tion of current flow through the circuit is 
from the negative terminal to the posi- 
tive terminal of the voltage source. As 
a result of this current, a voltage, V, 
which has the polarity shown, is de- 
veloped across capacitor C2. By prop- 
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erly designing the circuit, the voltage V, 
can be made equal to the induced emf of 
winding 3-4 of the autotransformer, but 
polarities of the two voltages are oppo- 
site. Thus, between point 3 on the auto- 
transformer and point X on the diagram 
there is zero difference in potential. If, 
now, the receiver is connected to these 
two points, as in C, no current will flow 
through the receiver, since there is no 
voltage difference across it. ‘Therefore, 
by placing the receiver in this location, a 
person speaking into the transmitter of 
the ideal antisidetone circuit does not 
hear his own voice in his receiver. For 
complete sidetone elimination, it is nec- 
essary for the voltage, V, developed 
across capacitor C2 to be exactly equal to 
the emf of the 3-4 winding of the auto- 
transformer. ‘This condition seldom 
occurs in actual practice because certain 
factors tend to change the voltages. 
First, the different voice frequency cur- 
rents transmitted will vary the imped- 
ance of the telephone line and distant 
telephone set in addition to changing the 
reactance of capacitor C2. Differ ent im- 
pedances cause different voltage drops 
throughout the cireuit. Second, if a tele- 
phone line with a different impedance is 
used in place of the original telephone 
line, the different impedances will change 
the voltage drops throughout the circuit, 
Still other changes in voltage in the cir- 
cult would occur if the distant telephone 
were replaced by a telephone the imped- 
ance of which is not the same as the 
original telephone set. Since these con- 
ditions exist in practical telephone cir- 
cuits, it is possible to reduce sidetone but 
never to eliminate it. However, as ex- 
plained in paragraph 59, some sidetone 
is desirable. 

feceiwving. Tn receiving, as in D and BE, 
the source of voltage is from the circuit 
of the distant telephone set, which im- 
presses a voltage across terminals Li and 
L2. Now, consider an instant of time 
when the clistant telephone applies a volt- 
age across L1 and L2,asin D, The eur- 
rent flow that results from this applied 
voltage causes a voll ife drop, V, ‘ACTOSS 
sapacitor C2, plus a voltage drop across 


terminals 4-1 (now the primary) of the 
autotransformer. ‘The autotransformer 
winding, 1-4, is now a part of the load (a 
receiver of voltage) ; whereas, in trans- 
mitting, it was a part of the source of 
voltage. This means that, in receiving, 
the valtage of winding 3—4+ will have the 
same polar ity as the voltage, V, and the 
two voltages will aid each other. Thus, 
in recelying, a potential difference exists 
between terminal 3 of the autotrans- 
former and point X of the diagram, Yf 
the receiver again is connected to these 
points, as in KE, current will flow through 
the receiver. Current takes the path 
through the receiver instead of the altey- 
nate path X-4—3 (aetually a small amount 
of current does follow path X—4-3) De- 
cause the impedance offered to the flow of 
current by the receiver is considey ‘ably 
lower. Therefore, the antisidetone 
cuit provides a. path to the local recejy en 
for voice currents origimating at the ¢ 
tant telephone set. 
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61. Local-Battery Switchboard 


a. Purpose. 


Communication between two tele- 


phone stations can be effected through a connect. 


ing telephone line, but practical communie 


sation 


among many telephone stations requires that the 
telephone line from each one be connected to a 


switchboard. 


‘The switchboard allows any two of 


the stations to be connected to each other. 


h. Funetions, 


The switchboard contains ciy- 


cuits and components which permit the followine 
wing 


actions: 


(1) The calling telephone station is able to 


(6) 


can 
operator on completion of a telephone 
conversation, 


signal the switchboard operator, 
The switchboard operator ean talk and 
listen to the calling telephone station, 
The switchboard operator is able to sig- 
nal a called telephone station, 

The witch bounds operator can tall and 
listen to the called telephone station. 
The switchboard operator can inter- 
connect telephone stations connected to 
the switchboard in the same central office 
or to those in other central offices. 

The called or calling telephone station 
notify (signal) the switehboard 


62. Circuits of Local-Battery Switchboard 


The cirewts of the local-battery switchboard 
which perform these functions may be classified 
as /ine civewits, trunt civenits, cord circuits, and 
common circuits. 

a. Line Circuits, The telephone line from each 
telephone station is connected to an individual line 
circuit of the switchboard. Thus, a switchboard 
with 20 line cireuits has connected to it a telephone 
line for each of 20 telephone stations. 

6. Trunk Circuits. The trunk circuit, or trunk, 
is a switchboard circuit similar to the line cireuit. 
It is connected to the trunk (transmission line) 
from another switchboard, 

e. Cord Cireuits. The cord circuits are links 
used in interconnecting two line circuits, two trunk 
circuits, or a line and a trunk circuit. The number 
of cord circuits of a switehboard depends on the 
amount of telephone traffic the switchboard is re- 
quired to handle. The telephone traffic is deter- 
mined by the number of telephone calls originat- 
ing from the telephone stations served by the 
switchboard, and the average duration of the calls. 
Switehboards usually have fewer cord circuits 
than line circuits, the number depending on the 
type of switchboard. 

d. Common Circuits. Common circuits are ¢ir- 
cuits that are used with the line cireuits or the 
cord circuits or with both. (A grouping, or trans- 
fer circuit, which sometimes is used at large 
switchboards, will be discussed later.) The four 
principal common circuits are the operator's tele- 
phone circuit, the ringing circuit, the supervisory 
circuit, and the night-alarm circuit. 

(1) The operator’s telephone circuit permits 
the switchboard operator to tall with 
either the calling or the called telephone 
station. It can be connected to any of the 
cord circuits by means of a switchboard 
lever switch; therefore it is common to all 
of the cord circuits. 

(2) The ringing cireuit permits the switeh- 
board operator to ring the ealled station. 
Like the operator’s telephone circuit, it 
ean be connected to any cord cireuits by 
operating the associated switchboard 
lever switch; therefore, this cireuit is 
common to all cord cireuits. 

(3) The supervisory circuit, also called the 
recall cireuil, is a eiveuit which enables 
the calling station to inform the switch- 
hoard operator when a telephone conver- 
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sation is ended. It, too, is common to all 
cord circuits. 

(4) The mght-alarm circuit is a warning or 
signaling circuit which causes a bell or 
buzzer to sound and thus inform the 
switchboard operator when there is a call 
to the switchboard from a telephone sta- 
tion, It generally is used for signaling 
only when the telephone traffic through 
the switchboard is light, and the operator 
is not in constant attendance. ‘There is 
only one mght-alarm circuit in a switch- 
board; therefore it is common to all trunk 
and line cireuits. 


63. Components of Local-Battery Switch- 
board 


a. Arrangement of Front of Lecal-Battery 
Switchboard. Figure 76 illustrates a local- 
battery switchboard. It is so designed that the 
operator can sit comfortably in front for manip- 
ulation of its various components. The com- 
ponents are so mounted that they are in complete 
view and easy reach. Some are on the front pane/ 
facing the operator, and some are on a shelf called 
either the stwitchshelf (in front, where the keys 
are located), or the plugshelf (just in the back, 
where the plugs are located). The operator’s tele- 
phone set is not part of the switchboard, but is 
supplied as auxiliary equipment. It contains only 
the operator’s transmitter and receiver, and is con- 
nected to the switchboard through the operator's 
jack. A battery mounted in the rear of the switch- 
beard supplies current for the operator's transnut- 
ter, The switchboard of figure 76 contains both a 
hand generator and power-ringing equipment, the 
latter connected to the switchboard in the rear. 
The power-ringing equipment, used instead of the 
head generator for signaling (except im emergen- 
cies), automatically provides 20-cycle ringing cur- 
rent. The different types of power-ringing equip- 
ment will be diseussed later. The type shown m 
the figure operates on 110-volt, 60-cycle alternating 
current. 

bh. Components of Local-Battery Switchboard, 
The visible components of a local-battery switch- 
hoard include line drops, line jacks, cords and 
plugs, switchboard switches, supervisory or recall 
drops, and a hand generator. Located within the 
switchboard are an induction coil, capacitors, and 
the battery. 

(1) The switchboard of figure 76 shows the 
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relative positions of the components on 
the panel. This switchboard has 20 dane 
circuits, each of which terminates in a 
line jack mounted on the front panel. A 
line-circuit drop, with its shutter, is 
mounted above each line-circuit jack. 
There are four trunk circuits, with jacks 
and associated drops. There are eight 
cord circuits. Two cords and two plugs 
are connected to each cord circuit. The 
cords fall downward and are held re- 
tracted by pulleys and weights. The free 
end of each cord passes through the plug- 
shelf and terminates in a plug. The 
plugs have a shape permitting easy in- 
sertion in the line and trunk jacks. When (2) 
not in use, they lie in a double row along 
the plugshelf, the answer plug (of each 
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Loeal-battery switchboard. 


cord circuit) in back, the carr ; 

call plug (of the Satae sa eee 
front. On the keyshelf in front De ce 
pair of cord circuit plugs is an SSO cate 
switchboard lever switch, The sae ~ 
lever stands vertical in the Hors a eke 
position. Pushing it toward the Bett 
(away from the operator) shhtiants a 
operator's telephone circuit to the c ‘d 
circuit; pulling it toward the opaiaiel 
connects the ringing circuit to the cone 
cireult. Hight supervisory oy recall 
drops, with their shutters, are mounted 
on the panel, one opposite each set of 
answer and call plugs of a cord circuit 
The components just mentioned now will 
be discussed in connection with the opera- 
tion of the circuits in which they are 





used. (The dial at the top of the switch- 
board panel and its circuit will be dis- 
cussed briefly in a later chapter.) 


64. Operation of Local-Battery Switchboard 


The operation of a local-battery switchboard in 
completing a telephone call between two telephone 
stations connected to it is explained with refer- 
ence to the block diagram of figure 77. This 
switchboard has six line circuits and three cord 
circuits. All the various circuits are shown in 
block form within the switchboard: the line cir- 
cuits, cord circuits, operator’s telephone circuit, 
ringing circuit, and supervision circuits. Assume 
that a person at telephone station A, the calling 
telephone, desires to call a person at telephone 
station D, the called telephone. 

a. The person at telephone station A rotates the 
hand generator of his telephone set (fig. 77). 
This provides 20-cycle ringing current through 
the telephone line to the line circuit of the switch- 
board (fig. 77). The ringing current operates the 
line-circuit drop and causes the drop shutter to 
fall. The falling of the drop shutter is a visual 
indication to the switchboard operator that sta- 
tion A is calling. 

b. When the drop shutter falls, the switchboard 


operator selects the answer (back) plug of one 
of the three cord circuits and inserts it in the line- 
circuit jack of station A (fig. 78); at the same 
time, the operator restores the drop shutter to its 
normal closed position. The operator then pushes 
the lever switch of the selected cord circuit into the 
listening position (upward in the diagram). This 
connects the operator’s telephone circuit to the 
cord circuit, and permits him to talk to the calling 
telephone and ask for the number of the called 
telephone. The heavy lines of figure 78 show the 
circuit at this stage. 

c. After the operator is told the identity of the 
called telephone (station D), he takes the call 
(front) plug of the same cord circuit used in 
answering station A and inserts it in the line- 
circuit jack of station D (fig. 79). The operator 
then pushes the switchboard lever switch into the 
ringing position (downward in the diagram). 
This connects the ringing circuit to the cord circuit. 
With the switch in the ringing position, the op- 
erator next rotates the switchboard hand gen- 
erator and provides 20-cycle ringing current 
through the telephone line to the ringer of sta- 
tion D. (If the switchboard is provided with 
power ringing, pushing the switch to the ringing 
position supplies 20-cycle ringing current from 
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Figure 77. Circuits of local-battery switchboard. 
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Figure 78. Switchboard connection to station A, 
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Figure 79, Ringing of station D. 
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the power-ringing machine through the telephone 
line to the ringer of station D; the hand generator 
need not be used.) After ringing station D, the 
operator pushes the switch back into the listening 
position (upward in the diagram) and waits for 
station D to answer. 

d. When. station D answers, the operator re- 
stores the switchboard lever switch to the normal 
(vertical) position and the conversation proceeds 
(fig. 80). When the conversation between the sta- 
tions is over, either of the persons who have con- 
versed (but usually the caller) rotates the hand 
generator at his telephone. This provides 20- 
cycle ringing current through the telephone line 
and cord circuit to the supervisory drop, causing 
the shutter of the supervisory drop to fall and in- 
dicating to the switchboard operator that the con- 
versation is completed. The operator then listens, 
or challenges the telephone users; and, finding the 
conversation is over, he removes the answer and 
call plugs from the line jacks and restores the shut- 
ter of the supervision drop. 


65. Switchboard Jack 


a. Function of Switehboard Jack. The switeh- 
hoard jack is the switching connector for the line 
circuits. Each line cireuit is connected to a jack, 
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Station A connected to station D, 


mounted on the front panel of the switchboard, 
The jack is designed to be used with the plug of 
the cord circuit; together they form the complete 
connector, 

b. Structure and Operation of Switchboard 
Jack. 

(1) Figure 81 shows a local-battery switch- 
board jack and its symbol. The jack has 
two springs, the ¢ip spring and the ring 
spring. Each spring bears a contact, and 
the sleeve provides a third contact. The 
names, t7p, ring, and sleeve, are the same 
as the names of the parts of the plug with 
which the jack elements make contact 
when the plug is inserted in the jack. 
Local-battery jacks require only two con- 
tact points—the tip, on the tip spring, and 
the ring, on the ring spring; the ring 
spring and sleeve contact usually are con- 
nected. 

The jack springs are flexible. They are 
separated by insulators, and springs and 
insulators are assembled in a pile-up (fig. 
81). The pile-up is fastened to the 
frame of the jack, the end of which forms 
the sleeve contact. The jack may be de- 
signed to perform additional switching 


(2) 
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functions by the addition of other sprin 
to the pile-up. Usually, such addy 
springs make contact with the tip ang 
ring springs by means of welded-on COy- 
tact points. B, figure 82, shows a Jap 
with two added springs. When the ale 
| is inserted in the jack, the tip and riy S 
Ne vie SORE NING: springs are pushed away from ¢] 
position and break the contacts, 
; the symbol for this type of jac 
serted plug, 
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(3) Figure 88 contains schematic anasen 
of local-battery jacks with y: ons 


Se: AC Cee arin: 
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Figure 85. Local-battery jacks. 
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Figure 84. Simple line and trunk circuits. 
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66. Simple Line Circuit and Trunk Circuit 


a. Simple Line Cireuit. The line cirewit in A, 
figure 84, consists only of the jack and the wire 
connecting it to the terminals of the telephone line 
on the back panel of the switchboard. Thus, by 
means of the line circuit, the telephone station has 
a direct connection to the front panel of the 
switchboard. 

6. Simple Trunk Cireuit. One or more line 
circuits at each switchboard are used as trunk 
circuits. These trunk cireuits are identical with 
the line circuits, but they serve to connect the 
switchboard not to a telephone station, but to an- 
other switchboard either in the same central office 
or at a distant central office, 


(1) The simple trunk cirewit shown in B 1s 
identical with the simple line circuit in 
A. In place of the telephone line from 
the telephone station, however, the trunk 
(transmission line) connects the local 
and distant switchboards through their 
terminals on the back panels. As a re- 
sult, the distant switchboard has a direct 
connection to the front panel of the local 
switchboard. 

(2) Since the switchboard trunk circuit is 
exactly like the switchboard line circuit, 
the following material on the line cir- 
cut will apply to the trunk circuit as 
well. ‘The two circuits vary somewhat in 
operation, but differences will be noted. 
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67. Local-Battery Line Drop 


a. Function of Line Drop. The local-battery 
line-drop is a visual signal used to secure the atten- 
tion of the switchboard operator, Tt is connected 
to the jack of the line circuit, and it indicates by 
the fall of its shutter that a telephone Station is 
calling the switchboard. The line lrop is mounted 
directly above the jack of the line eireuit with 
which it 1s connected or associated. 'This enable 
the operator to tell which line is calling. > 

b. Operation of Line Drop. Figure 85 is 
plified diagram of a local-battery line dro 
consists of an electromagnet and armatur 
shutter rod and shutter. The line drop is 
to operate on the 20-eyele ringing current 
from the hand fenerator of the local-battery tele. 
phone set. When ringing current is supplieg. = 
the line drop, the core of the electromagnet is m: bg 
netized and attracts the armature. Because URN 
supply is alternating current, the core js ma oh S 
tized first in one direction and then in the Sthes 
the current varies from zero to maximum jy a “Uy 
half-cycle. Asa result, the ringing currey; *, ‘achy 
the armature and attached shutter rod to he 
However, when the armature js attracted t® 
shutter rod releases the shutter, allowino it t ef the 

ce. Structure of Line Drop. Mictre 86 sho ; fall 
structure of a local-battery line drop. a 

(1) The coil of the electromagnet js nH 
insulated copper wire wound on 
iron core. The winding has 
which, in different types, yay 
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Figure 85. Local-battery line drop. 


76 


ARMATURE 





WINDING 
TERMINALS 
ADJUSTING SCREW 








REAR SIDE 


Figure 86, 


to 1,600 ohms. The line drop most com- 
monly used has a winding resistance of 
350 ohms. ‘he coil and core of the elec- 
tromagnet are called a spool. ‘The ends 
of the spool are fitted with insulating 
fiber, and the spool is placed in a soft- 
iron cup or tube. ‘The cup prevents leak- 
age of the magnetic lines of force, and, 
by decreasing the reluctance of the mag- 
netic return path, increases the strength 
of the magnetic field. This makes the 
drop more sensitive to weak signaling 
current. ‘The soft-iron cup also acts as a 
magnetic shield, preventing magnetic in- 
terference with adjacent circuits in the 
switchboard. 

The armature hangs between pointed- 
pivot adjusting screws, provided with 
locknuts. ‘The adjusting screws deter- 
mine its range of movement, on one side 
preventing it from making contact. with 
the core of the magnet and from possibly 
sticking in an operated position because 
of residual magnetism, ‘The armature 
and the terminals are at the rear of the 


ARMATURE SHUTTER 





Figure 87, 


COIL 


NIGHT=4LARM SPRING 


SHUTTER 











NIGHT-ALARM BUS WIRE— 


FRONT 
TM664 -3) 


Three views of local-battery line drop. 


drop. This arrangement permits read- 
justment and resoldering without dis- 
turbing the switchboard operator. 

One end of the shutter rod is attached to 
the armature, and the other end passes 
through an opening in the shutter. The 
shutter is made of brass so that it will be 
unaifected by the magnetic lines of force 
accompanying the ringing current. 
When the armature is attracted, the bent 
end of the shutter rod strikes the upper 
edge of the opening in the shutter; this 
forces the shutter outward and causes it 
to fall. Whena drop shutter of this type 
falls, 1t must be restored manually by the 
operator, 

Beneath the line drop, from front to 
back, is the night-alarm spring, and be- 
neath the shutter, in front, is the mght- 
alarm bus wire. When the shutter falls, 
the weight of the shutter forces the night- 
ilarm spring into contact with the night- 
alarm bus wire, closing the night-alarm 
civcuit. The night-alarm cireuit will be 
described later. 
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68. Combined Line Drop and Jack 


Because the line drop and the line-cireuit jack 
are associated closely, they usually are constructed 
inoneunit. Figure 87 illustrates a combined drop 
and jack. The terminals of the drop are con- 
nected to separate spring contacts on the jack. 
After the shutter has fallen, a projection at its 
bottom rests against the end of a shutter-restoring 


spring, as in A. This spring is fastened to the 


tip spring of the jack by an insulated bushing 
which causes the two springs to move together. 
When a plug is inserted in the jack, as in B, the 
tip spring together with the restoring spring 1s 
forced upward, causing the restoring spring to 
push against the shutter and return it to its nor- 
mal position. 


69. Line Circuit With Line Drop 


Figure 88 shows a line circuit with its associ- 
ated line drop: ‘The line drop is connected to the 
tip and ring springs of the jack, which bear, re- 
spectively, the tip and ring contacts of the jack. 
Thus there is a complete circuit from the distant 
telephone set, through the line drop. A person 
at, the telephone station desiring to call the switch- 
board rotates the hand generator of his telephone 
set. This provides 20-cycle ringing current 
through the telephone line to the line drop in the 


causing the drop shutter to fall. 


7 


The fall of tha 
drop shutter signals the switchboard operator that 
a telephone station is calling. Because the ling 
drop is just above the line jack, the operator at 
once identifies the particular line circuit of thy 
incoming call. 


70. Switchboard Cords and Plugs 


The switchboard cord, with its plu 
a flexible connector which enables the 
to be connected to any line-circuit, j 
of the switchboard. 

a. Function, 

(1) Most local-battery switchboards fant 
cords and plugs associated jn pairs e 
cord and plug connected to each end of re 
cord circuit. The plug which Male au 
initial connection with a line ere A 
response to its signal is called the ae ay 

plug, because the operator uses this ace 

in answering a call. The other plu. Uo 
the pair, with which the operator m "ke 
the connection to the line-cireyit incl: 
the called telephone, is designated the hs 
plug, because the operator uses it t ies 
plete the connection (eal] the 9 Com _ 
telephone). ~~ Obhey. 
(2) The plug end of each cord » 
plugshelf just back of the ke 
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Figure 88, Line circuit with line drop. 
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Figure 89, Loeal-battery pli. 


at its other end to terminals on a cord 
rack mounted on the under side of the 
switchboard. The switchboard wiring 
from the other components of the card 
circuit is soldered to the cord-rack ter- 
minals; the cord conductors are screwed 
to the terminals, for easy replacement 
when worn out. A weight mounted on a 
pulley rides on the cord as it is pulled up 
and down, keeping it extended and re- 
storing the plue to its place on the 
plugshelf when the plug is withdrawn 
from the jack. 
One type of local-battery switchboard, 
called a monocord switchboard, uses only 
one cord and plug for each connection 
between line circuits. The end of the 
cord opposite that of the plug is soldered 
to the terminals of the line-circuit jack. 
Monocord switchboards have one cord 
and plug for each line circuit, and there- 
fore have the same number of cords and 
plugs as line circuits. Connection be- 
tween line circuits is made by inserting 
the plug attached to the cord of the line- 
cirenit jack of the calling telephone into 
the line-cireuit jack of the called tele- 
phone. The plug of the called telephone 
is left. unused. 


b, Structure of Local-Battery Plug. 
(1) Figure 89 shows the local-battery plug 


and its symbol. The plug has two con- 


bo 


tacting parts, the #/p and the sleeve, sepa- 
rated by an insulator, as in B. They 
extend toward the back of the plug, where 
provision is made for connecting the con- 
ductors of the cord. The shank of the 
plug is covered with a removable shell of 
phenol plastic. When the plug is inserted 
in the jack, the tip of the plug makes 
connection with the tip spring of the jack, 
and the sleeve of the plug makes connec- 
tion with the sleeve of the jack. The ring 
spring and sleeve of the jack are strapped 
together as shown in figure 82. 

The contacting parts of the jack have 
been given the same names as the asso- 
clated contacting parts of the plug— 
namely, tip, ring, and sleeve. Use of 
these terms has been extended further, to 
designate the associated switchboard ter- 
minals and the telephone-line conductors 
connected to the terminals. Although 
the present chapter is concerned with 
local-battery telephony, it is necessary at 
this pot to refer to the common-battery 
plug (fig. 90), to explain how the names 
of the three parts were derived. The 
common-battery plug, like the local- 
battery plug, has a tip contact and a 
sleeve contact, but it differs from the 
local-battery plug in that it has, in addi- 
tion, a rng contact. ‘The ring contact 
obtains its name from its shape, which is 
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that of a ring, or short collar. It 1s sepa- 
rated from the tip contact by insulators 
and another short collar which serves no 
connecting function and is therefore 
called a dead collar, ‘The dead collar pre- 
vents a short circuit between the tip and 
ring contacts when the plug is inserted. 
Thus, the names, ¢ép, ring, and sleeve, 
are applied respectively to the three con- 
tacts of the common-battery plug, in 
order from front to rear. ‘These names, 
in turn, are applied to the connecting 
contacts of the jack; The tip spring of 


PLUG CORD 


the jack makes contact with the tip of the 
plug, the ring spring with the ring of 
the plug, the sleeve with the sleeve of 
the plug. Since the two conductors of 
the telephone line ordinarily terminate 
in the tip.and ring springs in the jack, the 
terms ¢p and ving also are applied to 
the dine conductors. ‘Thus, even at a dis- 
tant point such as the telephone at a tele- 
phone station, the telephone-line con- 
ductors have their tip and ring sides. 

Although the local-battery plug has only 
two contacts, the two conductors of the 
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Figure 92. Simple cord circuit. 
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telephone line retain the same terms, tip 
and ring, and connection at the switch- 
board is made to the tip and ring springs 
of the jack. However, the ring spring of 
the jack is connected to the sleeve of the 
jack. When the local-battery plug is 1n- 
serted in the jack, its sleeve therefore 
makes contact with both the sleeve and 
the ring of the jack. 

0. Structure of Local-Battery Cord. Figure 91 
‘Ilustrates a local-battery cord with attached plug. 
The copper tinsel threads used for the conductors 
reduce the possibility of breaking from the con- 
stant flexing they undergo. The cotton-braid in- 
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sulation is color-coded for ease in identifying tha 
tip and ring connections to the plug. The spadq 
lug is screwed to the terminal of the cord rack 
enabling easy replacement of the cord when it be. 
comes worn. The strain cord prevents damage ty 
the cord terminals from direct pulls of the cord 
It is attached to a hook on the cord rack. . 


71. Simple Cord Circuit 


a. The simplest cord circuit requires only ty 
conductors, the ends of which are terminated wit 
plugs as indicated in A, figure 92. Such g ine 

\ 


circuit is calle ‘ 7 C v uJ 10: ‘G ‘ ‘ y y lin 
be e/ a 
S 
3 


CALLED 
TELEPHONE 


TELEPHONE LINE 


plate a coe’. 


= 
| 
| 
LINE prop! 
TIP] 


Se 


LINE JACK 


CORD 


AND PLUG 
( UNUSED) 





MONOCORD UNIT —————+ 
| 


a ee eee ee! 


TM 678-155 


Figure 93. Simple monocord circuit. 


in B, show that a patching cord provides a com- 
plete connection between two telephones termi- 
nated at the switchboard, when one plug is inserted 
in the line jack of the calling telephone and the 
other in the line jack of the called telephone. In- 
sertion of the plugs removes both line drops from 
the circuit by separating the tip and ring springs 
and thus opening the jack contacts to the line drop. 

6. Figure 93 shows a simple monocord cireuit. 
Because one end of the cord of the monocord 
switchboard is connected permanently to the line- 
circuit jack, the connection between two line cir- 
cuits is made by inserting the plug of the calling 
telephone into the line jack of the called telephone. 
This completes the talking circuit between the two 
telephones. ‘The line drops in the monocord cir- 
cuit are connected to single cut-off jacks. When 
the plug is inserted in the line jack of the called 
telephone, it opens the line drop circuit for that 
jack, but the line drop of the calling telephone 
remains bridged or shunted across the line. This 
is necessary in order that the calling telephone can 
signal the end of the conversation to the operator. 
The signal is given by operating the hand genera- 
tor at the calling telephone, thus operating the line 
drop at the switchboard. The line drop, however, 
has a high impedance to the voice current and 
little voice current passes through the drop. 


72. Operator’s Telephone Circuit 


a. Neither of the circuits illustrated in figures 
92 and 93 is, alone, adequate for proper switch- 
board operation. ‘The operator can tell by the fall 
of the drop shutter which station is calling the 
switchboard, and he can insert the answer plug 
of the simple cord circuit into the line jack of the 
calling telephone, but he has no way of talking 
with the calling telephone to learn the number of 
the called telephone. In order to permit the 
operator to talk with the calling telephone, the 
switchboard is supplied with a talking circuit 
similar to that of the antisidetone local-battery 
telephone set discussed in paragraphs 59 and 60, 

b. The heavy lines of figure 94 represent a simple 
operator's telephone circuit and set. The circuit 
includes only the transmitter, receiver, toggle 
switch, induction coil, capacitor C, varistor, and 
battery of the local-battery telephone set. It is 
essentially the antisidetone circuit. The trans- 
mitter, receiver, and switch usually are not part 
of the switchboard, but are considered to be aux- 
iliary equipment, under the inclusive name of the 
operator’s telephone set (fig. 95). Wired in as 
switchboard components, however, in figure 94, 
are the induction coil, capacitor C, varistor, and 
battery. ‘The operator’s telephone set is connected 
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Figure 94. Operator's telephone circuit. 
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to these components by a three-pronged plug which 
fits to the operator's jack on the switchboard 
(fig. 76). The operator's telephone circuit is con- 
nected to the cord circuit. When the callin @ tele- 
phone signals the switchboard, the operator inserts 
the answer plug of the cord circuit in its line jack. 
This removes the calling-telephone line drop from 
the circuit, and completes the talking cireuit be- 
tween the calling telephone and the operator’s 
telephone circuit. When the switchboard operator 
is told the number of the called telephone, he in- 
serts the calling plug of the same cord circuit into 
the line jack of the called telephone. At this stage 
the calling and called telephones are connected for 
voice conversation. 

¢. The varistor which is bridged across the re- 
ceiver branch of the operator’s telephone circuit 
is used to reduce the intensity of the acoustic dis- 
turbances caused by unusually high voltages which 
suddenly may be impressed on the operator’s tele- 
phone circuit in the switchboard. The principle 
of operation is based on the fact that its resistance 
varies with the applied voltage. When a rela- 
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tively low voltage of about .1 volt produced by 
speech at ordinary levels is applied to the varistor, 
its impedance is relatively high (about 380,000 
ohms). Its shunting effect on the receiver there- 
fore is very slight. However, when a consider- 
ably higher voltage*is applied to the varistor, its 
impedance is reduced greatly, becoming about 1p 
ohms at 1.5 volts. Consequently, most of the cur- 
rent is shunted around the receiver, keeping the 
receiver current at near its normal value, and this 
reducing appreciably the acoustic shock which 
otherwise might result. 


73. Ringing Circuit 


Although the circuit of figure 94 serves to con- 
nect the calling and called telephones for voice 
conversation, it does not provide means for sig- 
naling the called telephone to bring someone to 
take the call. In order that the switchboard op- 
erator may signal the called telephone, the switeh- 
board is provided with a signaling circuit. 

a. The heavy lines of figure 96 represent a sim- 
plified ringing circuit, or signaling circuit. The 
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Figure 96. Ringing circuit, 


circuit contains a hand generator, with its hand 


generator switch, connected to the cord circuit. 
Capacitor C1 is added to limit the 20-cycle ringing 


current through the operator’s telephone receiver. 
To signal the called telephone, the switchboard 
operator rotates the crank of the hand generator. 
This provides 20-cycle ringing current through 
the call plug of the cord circuit, the line cireuit, 
and the telephone line to the ringer of the called 
telephone. 

b. There is also, in figure 96, a complete cireuit 
for the ringing current through the answer plug 
of the cord circuit, the line circuit, and the tele- 
phone line to the ringer of the calling telephone. 
The consequent ring-back of the calling telephone 
would be undesirable, for it would reduce the 
amount of ringing current in the cirewit to the 
called telephone, consequently weakening the re- 
sponse of its rmger. Also, some of the ringing 
eurrent would pass through the receiver of the 
calling telephone, causing ringing im the ear of the 


calling person. Use of a switch, explained im the 
following paragraphs, prevents such ring-back. 


74. Switchboard Lever Switch 


The local-battery switchboard may provide 
either one or two lever switches for each cord 
circuit, mounted on the keyshelf immediately in 
front of the cord circuit with which they are asso- 
ciated. If only one switch is provided, it is the 
combined listening and ringing switch, a name fre- 
quently shortened to listen-ring switch. ‘This 
switch is associated with the call cord and plug. 
If there are two switches, they are the /istenang 
switch and the ring-back switch, The ring-back 
switch is associated with the answer cord and plug. 

a. Function. The combined listening and ring- 
ing switch performs two functions. Pushed to one 
position, it permits the switchboard operator to 
connect and disconnect the operator’s telephone 
circuit to any one of the cord circuits. Pulled to 
the opposite position, it permits the switchboard 
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operator to connect and disconnect the ringing 
circuit to any one of the cord circuits. 
6, Structure. 
(1) Figure 97 shows the structure of a lever 
switch. It works by cam action. At the 
top of the cam is the handle; at the bot- 
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tom is a roller, free to pivot about a pin, 
Kach side of the roller rests against a re. 
silient, conducting lever spring. Just pe. 
low, on either side of each lever spring, 
is a conducting spring. These six ¢on- 
ductors, separated by insulators, ate 
mounted in a pile-up assembly attached 
to the frame. ‘There is one welded-oy 
contact on each spring, and there are two 
on each lever spring. The contacts ale 
of a special alloy that gives maximum 
protection from the small ares oftey 
formed when such contacts separate and 
close. 

The action of the combined listening and 
ringing lever switch may be compared 
with that of a double-pole, double-throw 
knife switch. In figure 98 the terminals 
of the switchboard key are marked wi th 
the same letters as the related termin 
of the knife switch. Pushing eithep h 
cle to the right connects the same ter 
nals (A to C,and B to D) ; pushing «: 
handle to the left connects the S 
minals (A to K, and B to F), 
Switchboard lever switches may be o] 
sified as locking, nonlocking, oy 
nation of locking and nonloch}, 
the handle of a locking switch ; 
the switch remains in its ope 
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Figure 98. Comparison of lever and knife switches. 
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tion until if is restored by the operator. 
When the handle of a nonlocking switch 
is released, the switch automatically re- 
turns to its normal position under the 
action of the lever spring. Figure 97 
shows a switch that is locking in one posi- 
tion and nonlocking in the other—a com- 
bined listening and ringing switch. 
When the handle is pushed to the left, 
the cam roller, moving to the right, rides 
upon the tip of the right-hand lever 
spring in such a way as to lock in that 
position. The end of the lever spring is 
shaped so that the pressure it exerts keeps 
the switch in the desired position until it 
is restored by hand. When the switch is 
pushed to the right, the left-hand lever 
spring exerts pressure which will restore 
the cam to its original position. Usually, 
the listening-circuit side of a switchboard 
lever switch is locking, and the ringing- 
circuit side is nonlocking. 

Many different kinds of switches and 
spring arrangements are found in tele- 
phone switchboards and _ central-office 
equipment. Just as in the case of the 
telephone jack, the addition of auxiliary 
contact springs to the lever switch per- 
mits the use of special circuit features 
which could not be provided easily with 
any other type of switch. In figure 99 
are schematic diagrams of switchboard 
lever switches. The center contacts of 
the locking switch have V-shaped ends, 
and those of the nonlocking switch are 
straight. Often, in schematic diagrams, 
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Switchboard lever swilthes. 


the locking switch has the letter L, for 
locking, between the two center contacts, 
and the nonlocking switch has the letters 
NL, for nonlocking, for quick indication 
of the type of switch. 


75. Need for Switch 


Usually, switchboards have only one operator’s 
telephone cirewit and one ringing circuit. Since 
each of these circuits serves all the cord circuits of 
the switchboard, it must be possible to connect 
each one to all the cord circuits. To connect them 
directly without use of switches, as in figure 96, 
would connect all the cord circuits, resulting in 
three disadvantages in addition to that of ring- 
back, mentioned previously. The disadvantages 
described in this paragraph are avoided by use of 
the switchboard lever switch. 

a. One disadvantage that would result from the 
permanent connection of the telephone operator's 
circuit to the cord circuits would be a transmission 
loss, or reduction of voice current, in the circuit 
between a calling and a called telephone. ‘The 
loss would occur because of the voice current sup- 
plied to the receiver of the operator’s telephone 
set, which also is connected to the circuit. 

b, A second disadvantage of such common con- 
necting points would be the provision of paths for 
voice current from a calling and called telephone 
on one cord circuit to the calling and called tele- 
phones on all the other cord cireuits. ‘This would 
produce cross conversation, or crosstalk, between 
all the calling and called telephones in use at that 
time. One result of the crosstalk would be to pre- 
vent, privacy of conversation. More seriously, it 
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would reduce the voice current in the circuit be- 
tween the two telephones. 

c, The third disadvantage would be that when 
the switchboard operator rang a called telephone, 
the common connection of the cord circuits would 
provide paths for the ringing current to all other 
telephones connected by cord circuits at the 
switchboard. Thus, ringing current to a called 
telephone would interfere with all conversations 
then taking place through the switchboard. More 
than this, the ringing current to the called tele- 
phone would be reduced, so that its ringer would 
respond very weakly. 


76. Cord Circuit With Switchboard Lever 
Switch 
It is convenient to discuss the combined listening 


and ringing functions of the usual switchboard 
lever switch as if they were performed by two 
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separate switches, as they are on some swit). 
boards. 
a. Listening Switch. 

(1) Functions of listening switch. The lia. 
tening switch, also called the Ustéy 
switch or talk switch, connects the opet- 
ator’s telephone circuit to the cord jr 
cuit. <A listening switch is provided foy 
each cord circuit. It is mounted on the 
keyshelf immediately in front of the cord 
eircuit to which it is connected. In the 
normal (nonoperated) position, the 
switch contacts are open, and the opera. 
tor’s telephone circuit is disconnected 
from the cord circuit. When the handlg 
of the switch is pushed to the listenin 
position, the switch contacts are closed 
and the operator’s telephone cire 
connected to the cord cireuit. 
tening switch is of the locking ¢ 
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Listening switch in cord circuit. 


when pushed to the listening position re- 
mains there until restored to normal by 
the switchboard operator. 


(2) Listening switch in cord cirewit. Figure 


100 shows the listening switch in the cord 
circuit, The switch is similar to that of 
the diagrams of figure 99, which repre- 
sents the switch in its normal position. 
The circuit in figure 100 shows the switch 
contacts closed—that is, with the switch 
in the listening position. The plug of 





phone set, the operator's telephone cireuit, 
the listening switch, the answer cord 
and plug, the line circuit, the telephone 
line, and the calling telephone. The 
transmitter circuit of the operator’s tele- 
phone set is connected to a set of contacts 
on the switch which complete the trans- 
mitter cireuit when the switch is closed. 
One set of contacts on the switch is not 
used in this circuit, and therefore remains 
unconnected. 





the answer cord is shown inserted in the (3) Operation of listening switch. With the 
line jack of the calling telephone. With plug of the answer cord inserted in the 
these connections there is a complete line jack of the calling telephone, the 
voice-current, path from the operator’s closing of the listening switch enables the 
telephone set to the calling telephone switchboard operator to listen to and talk 
(heavy lines). The complete voice-cur- with a calling telephone (fig. 100). If, 
rent circuit consists of the operator’s tele- in addition, the plug of the call cord is in- 
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89 


serted in the line jack of the called tele- 
phone, the switchboard operator similarly 
can listen to and talk with the called tele- 
phone. With this connection, when the 
lever switch is restored to its normal posi- 
tion, the calling and called telephones can 
converse without interference by the 
operator. 


b. Ringing Switch. 


(1) 


CALLED 
TELEPHONE 


CALLING 
TELEPHONE 
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Function. The ringing switch, also 
called ring switch, connects the ringing 
circuit to the call cord and plug of the 
cord circuit. A ringing switch is pro- 
vided for each cord circuit. It usually 
is combined with the listening switch in 
a single unit, the combined listening and 
ringing switch. As is now clear, push- 
ing the lever switch in one direction closes 
the listening contacts; pulling it in the 
opposite direction closes the ringing con- 
tact and opens the listening contacts; re- 
storing it to the central, vertical, normal 
position opens both the listening and the 


(2) 


Clee 


ringing contacts. The ringing switch \s 
of the nonlocking type; therefore, it aunty. 
matically returns to its normal positioy 
when it is released. 

ltinging switch in cord circuit. Figure 
101 shows that the ringing switch in the 
cord circuit is similar to the one in R 
figure 99, where it is in its normal pos\. 
tion. The circuit shows the switch coh. 
tacts closed. The call cord and plug ake 
shown connected to the line jack of the 
called telephone, With these conner. 
nections, there is a complete path for 
ringing-current from the hand generaty, 
at the switchboard to the called telephon 
(heavy lines). The complete aoe 
circuit includes the ringing cireyit of th ) 
switchboard, the ringing Switch, the ait 
cord and plug, the line circuit, and th 
telephone line. i 
Operation of ringing Swite)h, 
switchboard operator makes yse ae 
circuit to signal or ring the called 
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Ring-back siwiteh in cord circuit, 


phone (fig. 101). With the eall cord and 
plug connected to the line jack and the 
ringing switch closed, rotation of the 
crank of the hand generator at the switch- 
board supplies 20-cycle ringing current to 
the ringer of the called telephone. Clos- 
ing the ringing switch opens the switch 
contacts to the answer cord and plug, thus 
keeping the ringing current out of the 
calling telephone. 


77. Ring-Back Lever Switch 


a. Purpose of Ring-Back Lever Switch, On 
many switchboards, between the row of call plugs 
and the row of combined listening and ringing 
switches, is a row of ring-back switches, one for 
each cord circuit. The ring-back switch connects 
the ringing circuit to the answering cord and 
plug of the cord cireuit. It enables the switch- 
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Figure 108, 





board operator to ring a calling telephone 
through the answer cord and plug after a complete 
cord connection has been made between a calling 
and a called telephone. Such ringing back of the 
calling telephone may be necessary either when 
the calling person, through error, hangs up be- 
fore his conversation is completed, or when he 
hangs up while awaiting completion of the con- 
nections for a long-distance call. When the ring- 
back switch is not provided, ringing of the calling 
telephone requires disconnection of the answer 
cord and plug from the line jack of the calling tele- 
phone, and connection, in its place, of the call 
cord and plug. 

b. Ring-Back Switch in Cord Circuit. Figure 
102 shows the rmg-back switch in the cord cir- 
cuit. This switch is similar to the ringing switch 
and it is connected to the answer cord and plug of 
the cord cireuit. The circuit shows the switch 
contacts closed; the heavy lines emphasize the 
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complete ringing circuit, from the hand generator 
at the switchboard to the distant calling telephone. 
This circuit includes the ringing cirewit of the 
switchboard, the ring-back switch, the answer cord 
and plug of the cord circuit, the line circuit, and 
the telephone line. 


' 


the calling telephone, the operator merely closgg — 
the ring-back switch, This provides a complete | 
path for the ringing current, from the hand Sel. 
erator through the answer cord and plug to the 
calling telephone. Rotation of the crank of the 
hand generator then supplies 20-cycle ringin 


c. Operation of Ring-Back Switch. ‘The opera- 
tion of this circuit is similar to that of the ringing 
circuit, except that the ring-back switch, imstead 
of the ringing switch, is closed. Thus, to ring 


current in this cireuit to the ringer of the callin 
telephone. Note that closing the ring-back SWit@h 
opens the switch contacts connecting with the 
called telephone. 
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igure 104. Monocord switchboard. 


78. Monocord Circuit With Switchboard Lever 
Switch 


In the monocord switchboard, the monocord 
circuit is wired as a complete unit containing a 
cord and plug, line jack, line drop, and combined 
listening and ringing lever switch (fig. 103). 
These units are mounted in a switchboard like that 
of figure 104. ‘The telephone line from each tele- 
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phone set is connected to a single monocord unit 
through terminals on the back panel of the switch- 
board. The switchboard is provided with an op- 
erator’s telephone circuit and ringing circuit 
which can be connected to any of the monocord cir- 
cuits through the combined listening and ringing 

switch. 
a. Listening Circuit in Monocord Switchboard. 
(1) Components of listening circuit in mono- 
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cord switchboard. Figure 105 shows two 
listening lever switches in two monocord 
circuits, one in the monocord unit for the 
calling telephone and one in the mono- 
cord unit for the called telephone. Note 
that the ringing contacts of the combined 
listening and ringing switch have been 
omitted for the sake of simplicity. The 
heavy lines emphasize the listening cir- 
cuit between the operator’s telephone set 
and the calling telephone. ‘This circuit 
includes the operator’s telephone cirewit, 
the listening switch in the monocord unit 
of the calling telephone, and the tele- 
phone line. 


CALLING 
TELEPHONE 




























(2) Operation of listening switch m mone. 
cord switchboard. When the calling 
telephone signals the switchboard, the 
operator closes the listening switch in the 
monocord unit of the calling telephone 
(fig. 105). This connects the operator’s 
telephone cireut to the monocord cireuyt 
through the lstening-switch contacts, ang 
provides a complete yoice-current path 
from the operator’s telephone set to the 
salling telephone. The operator now cay 
ask, and be told, the number of the calleq 
telephone. 

b. Ringing Circuit in Monocord Switchboard. 

(1) Components of ringing circuit in mono. 
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Figure 106. 


Ringing circuit ino monocord switchboard. 
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cord switchboard. Figure 106 shows two 
combined listening and ringing switches 
in the two monocord circuits. Present 
interest is in the two ringing switches, one 
in the monocord unit for the calling tele- 
phone and one in the monocord unit for 
the called telephone. The heavy lines 
emphasize the ringing circuit between the 
hand generator and the called telephone. 
This cireuit includes the ringing cireuit 
at the switchboard, the ringing switch 
in the monocord wnit of the called tele- 
phone, and the telephone line. 

Operation of ringing switch m mono- 
cord circuit. After the number of the 
called telephone has been ascertained, in 
the manner described, the plug of the 
monocord unit of the calling telephone is 
inserted in the line jack of the called tel- 
ephone (fig. 106). The listening switch 
in the unit of the calling telephone is 
restored to its normal position, and the 
ringing switch of the called telephone 


then is closed. ‘This connects the ring- 
ing circuit of the switchboard to the mon- 
ocord unit of the called telephone. With 
the ringing switch closed, the crank of 
the hand generator is rotated and 20-cycle 
ringing current is supplied in the cirenit 
to the ringer of the called telephone. 
However, before the complete connection 
is made for conversation between the call- 
ine and called telephones, the switch- 
board operator must wait (listen) for the 
reply of the called telephone. ‘This is 
done by intermittently releasing the ring- 
ing switch and closing the listening 
switch of the monocord unit of the called 
telephone. When the called telephone 
answers, the listening switch is restored 
to normal position and the conversation 
proceeds, 


79. Supervision 


The su 


pervisory circuit provides a signal which 


enables the switchboard operator to ascertain when 
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a telephone conversation is completed. he cir- 
cenit has a drop and shutter, called the supervisory 
drop, vecall drop, ov clearing-out drop, wich is 
similar in construction to the line drop. 

a. Supervisory Circuit. ‘The heavy lines of fig- 
ure 107 show the supervisory circuit. The cir- 
cuit consists of the supervisory drop connected to 
the cord circuit during a completed cord connec- 
tion between a calling anda called telephone. ‘The 
complete ringing-current circuit between the call- 
ing telephone and the supervisory drop includes 
the calling telephone, the telephone line, the line 
circuit, of the calling telephone, the answer cord 
and plug, and the supervisory drop. Note that 
there is also a complete path from the supervisory 
drop to the called telephone through the cord 
circuit. 

b, Operation af Supervisory Cireut. When 
a conversation is completed, the calling or the 
‘alled person rotates the crank of the hand gener- 
ator of his telephone set (fig. 107). This supplies 
20-cyele ringing current in the cirewt, which 
causes the shutter of the supervisory drop to fall, 
indicating that the conversation on that cord cir- 
cuit is completed. Because the drop is mounted 
on the switchboard panel in line with the cord 
circuit to which it is connected, the operator knows 
at once which plug to remove. 


80. Representation of Common Connections 
of Cord Circuits 


Each switchboard has a number of cord cirewts, 
but there is only one operator’s telephone circuit 
and only one ringing circuit, and these must serv- 
ice all the cord circuits. Since the operator's tele- 
phone and ringing circuits are connected to all 
the cord circuits by the switchboard lever switches, 
and since this is done by interconnecting the termi- 
nals of each switch to which like connections are 
made from the operator’s telephone cireuit and 
the ringing circuit, the cord cireuits have common 
points at each of the switch terminals. In cir- 
cult diagrams, such points, connected in common, 
are indicated by short, oblique lines like those in 
figure LOf. 


81. Night-Alarm Circuit 


The night-alarm. circuit provides the switch- 
board operator with an audible signal, in addi- 
tion to the visual signal provided by the fall of 
the drop shutter. The cireuit includes a bell or 
buzzer which sounds when a calling telephone sig- 
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nals the switchboard. It is used curing periods 
of light telephone traflie when the switchboard 
does not require constant attendance, as at night. 

a. Night-Alarm Cirenit. The heavy lines of 
hieure LOS show the nieht-alarm civeuit. The cir 
cuit imeludes a bell in series with a switch, called 
the nght-alarm switch, and «a battery. The cir- 
cuit is completed through the night-alarnmn spring 
and the night-alarm bus wire of any of the line 
dvops or supervisory drops (fig. 86). The night. 
alarm springs of all the line drops and supervisory 
(lrops are connected in common, so that when wy 
shutter falls it forces the night-alarm sprine into 
contact with the bus wire underneath, closing the 
cireuit. | 

b, Operation of Night-Alarm Cirewit. The 
night-alarm cireuit 1s set for operation by closing 
the night-alarm switch, which is similar to the 
switchboard lever switch exeept that its Sprine 
contacts ave opened and closed by a tun-butten 
instead of a lever. Asstume that the hight-alary, 
switch is closed (fig. 108). When the switely. 
board is signaled, the falling shutter of 4 line dpe: ; 
or supervisory drop pushes the nieht-alary, ane 
agaist the night-alarm bus wire. This closes the 
night-alarm circuit, and battery current js sup: 
plied to the night-alarm bell, SUMMON ne in 
switchboard operator. Before answering the ea]] 
the operator restores the drop shutter, thereby 
opening the neht-alarvm circuit and stopping the 
ringing of the bell. The night-alarny hel] op: 
erates from a 3-yolt battery mounted in the switch- 
board, It has a low resistance, usually about 8 
olims. 


82. Miscellaneous Switchboard Circuits 


In addition to the eirenits already discussed, the 
switchboard may be provided with additional eir- 
cuits which give it creater flexibility and effi. 
eleney in operation, ‘The number and type of 
these circuits depend on the amount. of telephone 
traffic the switchboard is designed to handle. Tiwo 
additional circuits usually found in switchboards 
are the fransfer cirewit, ov grouping chrout. and 
the generator-switching cireuit, 


83. Transfer Circuit 


When morethan one switehboard is required to 
handle the telephone traffic, as is usually true in i 
telephone exchange, the switchboards are erouped 
together, and the term switchboard refers to the 


esroup. Hach switehboard of the group then is 
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Figure 108, Night-alarm circuit. 


ealled a position. When the telephone trafhe is 
light, as it usually is at night, all the positions can 
be attended properly by a single switchboard 
operator. 


a. Function of Transfer Circuit. 


(1) 


The transfer circuit, ov grouping circuit, 


interconnects the positions so that the 
operator's telephone cireuit of one post- 
tion can be used with all the cord cireuits 
of all the positions. This enables the 
operator to keep his telephone set con- 
nected to the operator’s jack in one posi- 
tion, Without necessarily disconnecting 
and reconnecting it to complete an in- 
coming call on another position, Since 
the cord circuits of each position are sepa- 
rate from the line jacks, the cord circuits 
of one position may be used to complete 
telephone calls between line jacks of the 
other positions. Provision is made for 
this service by equipping the switch- 


board with cords of greater length than 
that of the standard cord. 

(2) When the cord circuits of one position are 
all in use, and the transfer circuit is in 
position, the operator must use the cord 
circuit of an adjacent position. With the 
transfer circuit, however, the operator 
does not have to disconnect his telephone 
set from the position to which he 1s con- 
nected and then connect it to the opera- 
tor’s jack of the adjacent position, in 
order to use the cord circuit of the aclja- 
cent position. 

b. Transfer Cirewt, ‘The heavy lines of figure 
109 emphasize the transfer circuit of a two-posi- 
tion switchboard. The circuits of each position 
are simplified by omitting the line drops from the 
line circuits, and the supervisory drops and ring- 
back keys from the cord circuits. Also, the oper- 
ator’s telephone circuit is shown in block form. 
Each position has a transfer cireuit with a trans- 
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Figure 109. Transfer circuit. 







fer switch or grouping switch, the spring contacts 
of which are similar to those of the switchboard 
lever switch, except that they are operated by a 
turn button rather than a lever. One set of trans- 
fer-switch contacts is connected to a terminal strip 
IN and the other set to a grouping receptacle OUT, 
both usually mounted on the back panel of the 
switchboard. ‘The IN terminals are connected to 
those contacts of the listening switch to which the 
operator's telephone circuit is connected. The two 
positions are interconnected with a grouping cord, 
which makes connection between the terminal-strip 
IN terminals of one position and the grouping- 
receptacle OUT terminals of the other position, 
The transfer switch and listening switch of posi- 
tion 2 are shown in the closed position. The 
grouping receptacle of position 1 and its transfer 
switch provide for interconnection with another 
position, if required, 

e. Operation of Transfer Circuit. The transfer 
circuit is set for operation by closing the transfer 
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switch of position 2 (fig. 109). This, in effect, 
connects the operator’s telephone circuit of posi- 
tion 1 to the listening-switch contacts of the cord 
circuit of position 2 through the grouping cord 
and the transfer-switch contacts. Assume that 
the transfer switch of position 2 is closed and that 
a calling telephone connected to position 2 signals 
the switchboard. ‘The operator answers the call 
by inserting the plug of the answer cord of posi- 
tion 2, When he now closes the listening switch 
of that cord cireuit, there is a complete voice- 
current path from the operator’s telephone set of 
position 1 to the calling telephone connected to 
position 2, as shown in figure 109. 


84. Generator-Switching Circuit 


Ringing machines, sources:of ringing current 
other than the hand generator, sometimes are pro- 
vided for local-battery switchboards. They usu- 
ally are provided as auxiliary equipment. 
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Figure 110. Generator-siwitching circuit. 
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a. Funetion. of Generator-S witching Circuit, 
The generator-switching eireuit enables the 
switchboard operator to disconnect the hand gen- 
erator and connect the ringing machine to the 
ringing cirenit and the ringing switches. With a 
ringing machine as the ringing source, the operator 
does not have to rotate the crank of the band 
generator to signal-a telephone station. Closing 
the ringing switch automatically provides 20-cycle 
ringing current from the ringing machine. 

fy, Generator-switching Cirewit. The heavy 
lines of figure 110 show the eenerator-switching 
civeuit. The circuit includes a generator ringing 
switch with spring contaets, similar to that of the 
switchboard lever switch, operated by a turn- 
button. One position of the switch connects the 
ringing and ring-back switches to the hand genera- 
tor; the other position connects them to the ring- 
ingmachine. The ringing machine usually is con- 
nected to the switchboard through an outlet on the 
back panel, 

C. Operation of Generator-Sivitching Cireuit. 
When the switch contacts make connection to the 
hand generator (fig. 110), ringing is performed 
us has been described previously. When they 
make connection to the ringing machine, the ring- 
ing machine supplies the required 20-cyele current 
to the ringers of the distant telephone sets. 


85. Advantages and Disadvantages of Local- 
Battery Systems 


a. Applications of Local-Battery Systems. \.o- 
caul-battery systems are adapted particularly for 
telephone communication in areas where the tele- 
phone stations are scattered and not numerous, 
Their design and construction are not suited for 
the handling of large volumes of telephone traf- 
he. They have a number of advantages over other 
types of telephone systems (common-battery and 
dial), however, which make them well suited for 
held military telephone systems. 

4. Advantages. The advantages of local-bat- 
tery systems are: 

(1) The wire or transmission lines, usually 
called the outside plant, can be con- 
structed quickly and cheaply. 

(2) The local-battery switchboard is simple 
in design, positive in operation, easy to 
repair, and relatively inexpensive to 
construct, 

(5) Transmission of speech is possible over 
longer lines and, therefore, over lines of 
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higher resistance, since each telephone set 
has its own battery to supply the voice. 
Current energy, 
e. Disadvantages. The disadvantages of local: 
battery systems are : 

(1) The dry cells in the telephone set and 
switchboard are not an economical source 
of voice-current energy. Their life is 
short and they deteriorate even when 
standing idle. Frequent testing is pe- 
quired for the replacement of exhausted 
cells, 

(2) The voltage of a dry cell varies radically 
between the time of installation and the 
time of exhaustion. This drop in volt- 
age produces a progressive decrease iy 
the signal output of the telephone set. 
‘Telephone service between local-battery 
telephone stations is not uniform, beeays 
a station with a partly exhausted 
inay be connected with 
fresh battery. 
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The hand generator and battery 


| Increase 
the size of the telephone set 


(5) The turning of the crank of the hand oen- 

by é i" . ‘ = hk © 

erator for slonaline requires effort on the 
part of the telephone user, 

(6) The work of the operator in 


: attending 
the switchboard is Increased, |) 


ecause per- 
sons using local-battery lelephone sets 
frequently fail to ring off when theiy con- 
versations are completed, and this Ne- 
quires thie operator to monitor (listen), 
to determine when to disconnect the cord 
civeuit. Failure of the telephone user to 
ring off also reduces the availability of 
the cord circuits, and may hold Wy) the 
completion of other telephone 
through the switchboard. 


calls 
The work of 
the switchboard operator is increased still 
further if the switchboard drops must be 
restored hy hand. 





86. Summary 


a. The telephone set is the device supplied the 
telephone user to initiate and receive telephone 
ealls. It has two principal circuits: the talking 
circuit, which provides an electrical path for the 
voice current, and the signaling circuit, which pro- 
vides an electrical path for the signaling current. 
In the local-battery telephone set the components 
of the talking circuit are the transmitter, receiver, 
handset switch, battery, induction coil, and capaei- 
tor, ‘The components of the signaling circuit are 
the hand generator and ringer, 

6. The electrical energy for the voice current 
comes from the battery. A handset switch con- 
trols the battery current to the transmitter and 
thus increases the useful life of the battery. The 
handset switch, together with the transmitter and 
receiver, usually is mounted in a handset. 

e. The induction coil, which is essentially a 
fransformer, extends the range of the telephone set 
and improves its efficiency and performance. This 
it does by— 

(1) Separating the transmitter and receiver 
eurrent so that direct current from the 
transmitter does not pass through the 
receiver, 

(2) Inducing « higher voice-current voltage 
in the secondary winding as a result of its 
step-up action as a transformer. 

(3) Increasing the percent change in the re- 
sistance of the transmitter cirenit. 

d. Vhe hand generator is the source of the ring- 
ing current. When its crank handle is rotated, 
approximately 20-cycle ringing current is gener- 
ated by a coil rotating ina magnetic field produced 
by permanent magnets. The hand-generator 
switch removes the generator from the circuit 
when the hand generator is not in operation, and 
also removes the ringer from the cireuit of the 
calling station when the hand generator is oper- 
ated, thereby preventing the generated ringing 
current from sounding the local ringer. 

e. The ringer is a signaling device which oper- 
ates on a ringing current of approximately 20 
cycles. When ringing current is supplied in the 
ringer, it alternately changes the magnetic field 
in the cores of the electromagnets of the ringer, 
which causes the armature and the attached clap- 
per to vibrate between a pair of gongs. 

j. Sidetone is the sound of the speaker's voice 
reproduced in his own telephone receiver. The 
antisidetone cireuit reduces sidetone in the tele- 


gas 


phone set. It uses an autotransformer induction 
coll connected with the transmitter, receiver, and 
capacitors in an arrangement that reduces the side- 
tone in the receiver to a satisfactory level. Only 
a small amount of the voice current induced in 
the secondary winding of the induction coil by the 
local transmitter then flows through the local re- 
ceiver. On lines shorter than average, however, 
the sidetone is greater and the antisidetone effect 
less. 

gq. Kach telephone station is connected by a tele- 
phone line to a switchboard. The switchboard 
permits the connection for voice conversation of 
any two telephone stations connected with it, and 
permits their disconnection when the conversa- 
tion is completed. A switchboard operator makes 
the connections through the use of the switch- 
board line or trunk circuits, cord cireuits, and 
auxiliary civeuits, 

h. The telephone line is connected to an indi- 
vidual dine circuit at the switchboard. The line 
eiveuit terminates on the front panel in a line jack. 
The jack is the switching connector for the hne 
eiveuit, ‘Phe line circuit also is provided with a 
line drop, a visual signal which notifies the switch- 
board operator when the associated telephone sta- 
tion initiates a call. The line drop is operated 
by the 20-eycle ringing current from the hand 
generator of the loeal-battery telephone set. 

i. The cord circuits connect the line circuits or 
trunk circuits by means of cords and plugs and 
line jacks. 

}. The operator's telephone circuit and the ring- 
ing circuit are auxiliary circuits which can be con- 
nected to the cord cireuit by the listening-ring 
switch. The operator’s telephone cireuit may be 
connected to the cord circuit by the listening 
switch. With the switch in the listening posi- 
tion, the circuit permits the switchboard operator 
to tallkk and listen to ealling and called telephones. 
The ringing circuit may be connected to the cord 
circuit by the ringing or ring-back switches. The 
ringing circuit permits the ringing (signaling) of 
a calling or called telephone either manually with 
the hand generator or automatically with a ring- 
ing machine, 

hk. The supervisory circuit is an auxihary eireuit 
associated with the cord ecirewt. It enables a 
telephone user to signal the switchboard at the 
completion of a telephone conversation. 

/. The night-alarm cireuit is an auxiliary cir- 
curt associated with the line circuits and the cord 
cirenits. It provides an audible signal used to 
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summon the switchboard operator to the switch- 
board during periods of light telephone traffic. 

m. ‘The transfer circuit intereonnects switeh- 
board positions so that the operator's telephone 
circuit when connected to one position can be used 
with each cord cireuit of one or more of the other 
positions. 

n, Uhe generator switching circuit enables the 
switchboard operator to disconnect the hand ven: 
erator and connect a rin gine machine to the ring- 
Ing cireuit and the ringing switches, 


87. Review Questions 


a. What are the principal circuits of the tele- 
phone set? 

6. What are the components of a local-battery 
telephone set ? 

¢. What is the function of the battery in a local- 
battery telephone set? Why is the dry cell not 
suitable for long-period supply of continuous 
current ? 

d. What is the purpose of the handset switch? 
Draw a circuit diagram of a simple telephone set 
with a handset switch. 

ée. State two advantages of the use of the hand- 
set. Draw a circuit diagram of the internal wir- 

Ing of a local-battery handset. 

f. State two functions of the induction coil. 
How is it similar to the transformer? 

g. What is an ideal transformer? Why may 
the induetion coil be compared with the ideal 
transformer ? 

h, Draw the cirenit of a local-battery telephone 
set with an induction coil. Use heavy lines to 
emphasize the transmitter and the receiver circuits. 

i. Draw the circuit between two local-battery 
telephone sets with induction coils, and de- 
seribe how the circuit functions to provide voice 
conversation. 

j. Draw a circuit showing how the common 
connection of the induction coil is used to connect 
the handset to the local-battery telephone set. 

k. What are the disadvantages of direct current 
in the telephone receiver? How does the indue- 
tion coil keep direct current out of the receiver ? 

l, State two methods by which the induction 
coil increases the voltage of the voice current in a 
local-battery telephone set. What are the advan- 
tages of increasing the voltage of the voice current 
of the telephone set? 

m. Name two types of induction coils and state 
the difference between them. 
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». What is the purpose of the hand generator? 
Why does the local-battery telephone set need a 
ha nd generator 4 

». What is the electrical principle of the hand 
generator ! 

p. Ilow does the hand generator produce an 
alternating current? What factors determine 
the strength of the genera ted voltage ? 

q. Draw a diagram of the armature of the hand 
generator, and show how the armature winding is 
eonnected to the terminals of the hand generator. 

y». What is the hand-generator switch? Tow 
isitoperated? Whatisits purpose t 

s. What is the approximate Trequency and volt- 
age of the ringing current generated by the hand 
eenerator at normal cranking speed ¢ | 

ft. Describe the construction of the ringer. 
What is the purpose of the ringer? Tlow does jt 
operate @ What ringing-current frequency is re- 
quired to operate t? | 

uw. Draw a diagram of the ringer circuit of the 
local-battery telephone set. 

py. Draw a diagram of the complete slenalin o 
cirewit between two local-battery telephone sets. 
Explain its operation. What is the funetion of 
the hand-generator switch in this eirenit ? 

w. What is sidetone? Why is it undesirahyo = 
the telephone set / 

x. What is the purpose of the antisidetone 
eireuit ? 

y. Why issome sidetone desirable? 

2, What is an autotransformer? Draw the clr. 
cuit diagram of the antotransformer-type indue- 
tion coil of the antisidetone circuit. 

aa. Draw the antisidetone cirenit of the loeal- 
battery telephone set. 

ab. Draw the circuit between two local-battery 
telephone sets with antisidetone cireuits, and de- 
scribe how the circuit operates. 

ac. What is a capacitor? What is its purpose 
in the local-battery telephone set 4 

ad. What is the action of a capacitor when a 
d-c voltage is applied toit? An a-e voltage? 

ae. What factors affect the capacitance of a 
capacitor ? 

af. Why isaswitchboard used 4 

ag. What are the functions of the switchboard 

ah. Name the principal circuits of the switch- 
hoard. 

ai, Name six components of the switchboard, 

aj. What determines the number of line circuits 
of a switchboard? The number of cord cirenits? 


ake. Describe how a telephone call between a call- 
ing and a called telephone is completed through a 
local-battery switchboard. 

al. What is the purpose of the switchboard 
jack? What are the names of its contact parts? 

am. Draw a diagram of a simple line cireuit; 
a simple trunk circuit. 

an. What is the difference between a line cireuit 
and a trunk circuit ? 

ao. What is the purpose of the Jocal-battery 
line drop? Describe how it operates. Draw a 
diagram showing how it is connected in the line 
circuit. 

ap. What is the advantage of the combined drop 
and jack? How does it operate? 

aq. What is the purpose of the cord and plug? 
What is the function of the answer plug? The 
eall plug? 

ar. Name the two contacts of the local-battery 
plug. How does the local-battery plug differ 
from the common-battery plug? 

as, How many conductors does the local-battery 
cord have? What are they called? How are the 
terms derived ? 

at. What is a patching cord? Draw a circuit 
diagram showing the use of a patching cord to 
connect two line circuits. 

au. Draw a circuit diagram of a simple mono- 
cord circuit, and show how it may be used to inter- 
connect two line circuits. 

av. What is the purpose of the operator’s tele- 
phone circuit? Draw a simplified circuit diagram 
showing how it is connected to the cord circuit. 

aw. What is the difference between the oper- 
ator’s telephone set and the operator’s telephone 
circuit 4 

av. What is the purpose of the ringing cireuit? 


Draw a simplified diagram of the ringing circuit, 
and show how it is connected to the cord circuit. 

ay. Describe how the ringing circuit operates. 

az, Give two functions of the listen-ring switch. 

ba. What is the difference between the locking 
and nonlocking types of switchboard switches? 
Draw a diagram of each. 

bb, State three reasons why the listen-ring 
switch is necessary mm the cord circuit. 

be. What is the purpose of the listen switch in 
the cord circuit? Describe the operation of the 
cord circuit with the listen switch, 

bd. What is the purpose of the ring switch in 
the cord circuit’ Describe the operation of the 
cord circuit with the ring switch. 

be. What is the purpose of the ring-back switch 
in the cord circuit! Deseribe the operation of the 
cord circuit with the ring-back switch. 

bf. What is the difference between the mono- 
cord switchboard and the regular switchboard 4 

by. Describe the operation of the monocord cir- 
cuit, with the listen switch; the ring switch. 

bh. What is the purpose of the supervisory cir- 
emt? Draw a circuit diagram showing the con- 
nection of the supervisory drop. What frequency 
of ringing current is required to operate the drop ? 

bi. How are common connections indicated in 
circuit diagrams? Draw a circuit diagram which 
shows the common connections of the cord cireuit. 

bj. What is the purpose of the night-alarm cir- 
cult? Draw a circuit diagram of the night-alarm 
cirenit, Describe its operation. 

bk, What is the purpose of the transfer cireuit ? 
Describe its operation. 

b/, What is the purpose of the generator-switch- 
ing circuit? Draw the circuit and describe its 
operation. 
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CHAPTER 5 
COMMON-BATTERY TELEPHONY 
Section |. BASIC PRINCIPLES AND COMPONENTS OF COMMON-BATTERY SYSTEM 


88. Introduction 


The essential difference between econunen- 
battery systems and the local-battery systems dis- 
cussed in chapter 4 is in the number and location 
of the batteries which furnish the power to op- 
erate the system. A common-battery telephone 
system is one in which a centrally located storage 
battery is used in place of the individual dry cells 
required at each telephone station of a local-bat- 
tery system. The single common battery serves 
al the stations of the system. 

b. As might be expected, many of the com- 
ponents of common-battery systems are identical 
with, or at least very similar to, the corresponding 
local-battery components. In this chapter, such 
components are only briefly treated, and the 
similarities and (differences between them and their 
local-battery counterparts are pointed out. 

¢. In order that a single battery may serve all 
stations in the system, if is necessary that the 
Stations be in parallel with each other as far as 
de is concerned, with the battery eee Across 
the line instead of in series with it. It follows 
from this requirement that a circuits and 
components of common-battery systems are dif- 
ferent from their local-battery counterparts, and 
that certain other circuits, not used at all in Jocal- 
battery systems, are included in a common-battery 
system. Such circuits, which differ materially 
from components discussed in earlier chapters, are 
explained fully here. In presenting the complexi- 
ties of common-battery systems, the method fol- 
lowed is the same as that in chapter 4, starting with 
a highly simplified circuit incorporating only the 
barest essentials, and then adding components and 
wuxiliary circuits one at atime as the need for them 
is developed. In the interest of clarity, it some- 
limes will be necessary to postpone the discussion 
of certain components when they first are men- 
tioned until a later point, and therefore only by a 
careful reading of the entire chapter can the com- 
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plete system, its components, and their function, 
and imterrelations be understood. 


89. General Features of Common- Battery 
System 


a, Advantages. The use ofa single stor: age bat. 
tery gives the common- battery system severa] 
important advantages over the  loeal- battery, 
system. 

1) The storage battery used in the comimoy 
battery system is much more econom; a 
to maintain than the dry cells of the 
battery system. Dry cells deteriora; 
must be replaced periodically, 
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tery system gives a voice slenal 
uniform in aniplitude, because if 
fairly constant voltage—more 
constant than the dry cells of the loc at 
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(3) In the common-battery system, signaling 
is performed automatically when the re. 
ceiver 1s lifted, eliminating the need 
a hand generator and manual 
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cranking, 
and making the equipment of the te 


phone set much simpler, 

(4) In the common-battery system, the op- 
erator 1s signaled automatically upoy 
completion of calls. This reduces the 
amount of supervision required, and al- 
lows a single oper “tor to handle Many 
more lines than is possible in a local-bat- 
tery system. 
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(5) Minally, because the single storage bat. 
tery is located at the telephone central] 
office, spectors ave not required to make 
periodic visits to the associated telephone 


stations, as they must do in a loeal-bat- 


tery system, to test dry cells for 
deterioration. 

b. Limitations. In spite of its many advan- 
tages, the common-battery system has limitations 
and disadvantages that must be considered before 
giving it preference over the local-battery systems 
in certain applications, 

(1) The common-battery system requires 
line construction of much higher quality 
than that required for the local-battery 
system, because current for the operation 
of the transmitter at the telephone set 
and supervisory relays at the central of- 
fice must be supplied over the line. 

(2) The lines of the common-battery system 
must be well balanced electrically, since 
unbalance in the wires of the outside plant 
impairs the quality of transmission and 
the distance over which transmission can 
be etfected, 

(3) Switchboard equipment in common-bat- 
tery systems is much more complex and 
expensive than local battery equipment 
performing comparable functions, and it 
requires 2 greater time for installation 
and maintenance. 

(4) The resistance of the loop or line to the 
common battery telephone station limits 
the distance over which talking and sig- 
naling currents may be supplied. Sutli- 
cient current must flow to assure opera- 
tion of the following: 

(wv) The transmitter at the station. 

(6) The line signal at the central office 
when the receiver is lifted. 

(c) The supervisory relay at the central of- 
fice when the receiver is hung up. 

c. Applications. Because of the greater ex- 
pense involved in the construction and manite- 
nance of the inside and outside plant equipment 
of the common-battery system, it can be used 
efficiently only where relatively many stations and 
much local traflic are concentrated in a small area. 
In commercial practice, common-battery systems 
are used in all cities and large towns; in military 
applications, they often are used in higher bead- 
quarters. Local-battery systems are better suited 
to rural areas, where there are relatively few sta- 
tions, scattered over a large area; but they also 
are used for field military applications, for they 
provide better transmission over field wire than 
does the common-battery system. In general, 


common-battery systems have greater application 
in permanent installations. 


90. Basic Circuits of Common-Battery System 


a Simple Common-Battery Cireuit. The es- 
sential feature of a common-battery system is em- 
phasized best by comparing the sumplest possible 
common-battery system with the simplest possible 
local-battery system. ‘The essential difference be- 
tween the two systems is illustrated in figure 111. 

(1) The figure illustrates a very simple local- 
battery circuit, with hand generators and 
ringers omitted. The circuit consists of 
a transmission line terminated at each end 
by a telephone set. The telephone sets, 
A and B, are shown in elementary form 
and consist of a transmitter, a receiver, 
an induction coil, and a local battery. 

(2) For purposes of comparison, an equally 
simple common-battery circuit also is il- 
lustrated. In this diagram, a common. 
battery is shown connected across the tele- 
phone line, replacing the individual local 
batteries. Each telephone set consists of 
a transmitter, a receiver and an induction 
coil, Reference to the cireuits will indi- 
cate one outstanding difference: In the 
local-battery circuit, the receiver and the 
secondary, S, winding of the induction 
coil are wired in series and connected 
across the line; in the common-battery 
circuit, the transmitter and the primary, 
P, winding of the induction coil are 
wired In series and connected across the 
line. <A later paragraph describes more 
in detail the practical circuits used in 
common-battery systems. 

b, Direct-Current Paths of Simple Common- 
Battery Circuit. Asexplained in chapter 3, direct 
current flows through the transmitter when it is 
operating. In the simple local-battery circuit, 
direct current is furnished by the local battery in 
series with the transmitter and primary winding 
of the induction coil at each station. In the com- 
mon-battery circuit, however, direct current is 
furnished to both transmitters by the common bat- 
tery, as shown in figure 111. The figure illustrates 
the direct-current path from the common battery 
to two telephone sets. It can be seen that, as far 
as direct current is concerned, the two telephone 
sets and their associated telephone lines are in 
parallel with vespect to the common battery. Tf 
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several telephone circuits were connected across 
the single battery, the direct current which the 
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Comparison between simple common-battery and local-battery telephone circuits, 


ever, the common battery now Must be 


considered in parallel with the receiver 


reach extremely large values. For this reason, the Thus, if the person at station A js talking 


common battery in a common-battery system usu- 
ally is connected permanently to a battery charger. 
The function and operation of a battery charger 
will be explained more fully in a later chapter. 

ce. Lalking Path in Simple Common-Battery 


Cireuait. 
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(1) It has been shown (ch. 3) that the opera- 


tion of a telephone transmitter is based 
on the principle that sound waves, strik- 
ing the diaphragm of the transmitter, 
produce corresponding vibrations of the 
diaphragm. ‘The varying pressure of the 
diaphragm varies the resistance of the 
carbon granules, and causes the current to 
fluctuate about its normal steady value. 
The resulting pulsating direct current 
therefore can be considered to consist of a 
steady direct. current on which is super- 
imposed a voice-frequency alternating 
current. The paths of the d-e and a-e 
components of the transmitter current are 
not necessarily the same. 

The talking path in the simplified 
common-battery circuit is shown in figure 
111. At first glance it would appear that 
the two telephone sets are in series so far 
as the talking path is concerned. How- 
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into his transmitter, the voice-frequency 
currents originating at transmitter A fie i 
through the line until they reach the point 
where the common battery is bridged 
across the line. Since the impedance of 
the battery to the voice-frequency cur- 
rents is much lower than that of the trang: 
mitter-receiver combination of station B 
the major portion of the voice-frequeney 
currents will flow through the battery lect 
The same situation arises when the Vouce: 
frequency currents originate at the trans- 
mitter of station B. The battery, by 
shunting the receiver branch of the lister,. 
ing station, greatly reduces the magnitude 
of the voice-frequency currents fowine In 
the receiver, : 

In order to prevent the common battery 
from shunting the receiver branch of the 
listening station, some com ponent must be 
inserted in series with the battery in the 
battery leg to increase the impedance of 
the battery lee to voice-frequency eur- 
rents. This is accomplished by the use 
of filter networks (fig. 112), The actual 
filter networks used in common-battery 
circuits are either retardation-coil or re- 


peating-coul arrangements, which will be 
discussed more completely in paragraphs 
99 through 118. Although the filters 
present a relatively high impedance to 
alternating currents, their d-e resistance 
is so low that they do not affect materially 
the direct current from the battery to the 
telephone stations, 

d. Practical Common-Battery Circuits. In the 
following paragraphs, the simplified cireuit ex- 
plained above will be used as a starting point to 
outline the need for the various circuits and com- 
ponents used in practical systems. For example, 
the simplified circuits of figures 111 and 112 show 
only two telephone stations, and the common bat- 
tery is bridged across the line. In practice, the 
system would include many more than two sta- 
tions, and any two stations would be connected 
through one or more switchboards or central of- 
fices. Also, in practice, the common battery is 
located at a central office, and is connected through 
a power distributing panel to the switchboard, and 
through the switchboard to the telephone stations 
when they are in use. Associated with the switch- 
board are various circuits required to develop the 
advantages of efficient operation of which the 
common-battery system is capable. The switch- 
board may be regarded as the heart of the system. 
Although the switchboard serves the same basic 
function in the common-battery system as in the 
local-battery system, the common-battery switch- 
board differs in many of its details from the local- 
battery switchboards discussed in chapter 4. 
Therefore, before proceeding with a full discus- 
sion of practical common-battery ciremts, the 
common-battery switchboard will be deseribed. 


91. Common-Battery Switchboard 


a. Function, 
(1) Asin the case of the local-battery switch- 


TELEPHONE 
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TELEPHONE 
LINE 


board, the main function of the common- 
battery switchboard is to permit efficient 
connection of any two telephone stations 
connected to it. The switchboard also 
must provide means for supervision of 
calls, and must enable the operator to 
ring the called station. Most ringing is 
performed by ringing machines and cir- 
cuits similar to those of a local-battery 
system. Other ringing systems are de- 
scribed in paragraphs 114 through 121, 
Signaling from the calling station to the 
operator is automatic in a common-bat- 
tery system (par. 95e). 

(2) The efficient operation of a common- 
battery system is made possible by the 
various circuits contained in the switch- 
hoard. They include line circuits and 
cord circuits of various kinds, trunk cir- 
cuits, ringing circuits, supervision cir- 
cuits, and various auxiliary cireuits. 

(3) Although the circuits mentioned above 
seem to be of the same general types as 
those in a local-battery switchboard, they 
actually are different in many respects, 
primarily because of the difference in bat- 
tery supply. The structure and opera- 
tion of the circuits associated with com- 
mon-battery switchboards, together with 
their interrelation and the role of the 
switchboard operator in making connec- 
tions between telephone stations, are dis- 
cussed in later sections of this chapter. 

b, Types. Common-battery switchboards in 
general may be classified as nonmultiple and 
multiple. 

(1) A nonmultiple switchboard is one in 
which each line connecting a telephone 
station to the switchboard terminates in 
only one line jack. This type of switch- 
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Figure 112. Simple common-battery circuit, 
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board obviously limits the number of 
lines that can be serviced by a single op- 
erator, or even by several operators. It 
is obvious that it often might be neces- 
sary to connect a calling line terminating 


on a line Jack located at one end of the - 


switchboard to a called line terminating 
on a line jack at the other end, which 
would result in a confusing network of 
cords. For this reason, the use of non- 
multiple switchboards is limited to sys- 
tems that do not require more than three 
operators to handle the traffic. 

A multiple switchboard is one in which 
each line connecting a telephone station 
to the switchboard terminates in several 
line jacks, connected in parallel or multi- 
ple, at different points on the switch- 
board. This makes it possible for the 
operator at each position of the switch- 
board to reach one of the line jacks of 
any calling or called station connected to 
the switchboard, greatly increasing the 
traffic which the switchboard can handle. 
The discussion which follows will con- 
cern itself with the description and oper- 
ation of a nonmultiple common-battery 
switchboard. Multiple switchboards and 
their associated circuits are discussed in 
paragraphs 129 through 136. 


¢. Description of Front of Switchboard. In 
general, the equipment arrangement is similar in 
all cord-type switchboards, but it is not exactly the 
same. The switchboard in figure 113 can be used 
ata small central office. 
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(1) 


(2) 


The illustration shows the vertical por- 
tion of the board above the plugshelf, 
sometimes called the cordshelf, divided 
into two panels by the vertical separator 
through its center. The left panel car- 
ries 50 line (station) jacks with their as- 
sociated line lamps, a supervisory pilot 
Jamp, fuse-alarm lamp, and a line pilot 
lamp. The right panel has, in addition to 
50 line jacks and line signals, a single 
row of jacks and signals to which ex- 
change lines are connected. 

The plugshelf holds 15 pairs of cords 
and 1 single cord. The paired cords are 
used to complete interconnections. The 
single cord, when present, is used by the 
operator to advise a calling station when 
all the paired cords are in use. This sin- 
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gle cord is not standard equipment on all 
switchboards. 

The switchshelf carries the control levers 
of the listening and ringing switches, the 
associated supervisory lamp signals, and 
the switchboard dial. Each pair of cords 
is associated with a pair of supervisory 
lamp signals and a pair of switches. The 
lial is used in completing connections be- 
tween one of the switchboard stations and 
a station associated with a dial central 
office, 

The extreme left-hand cord (fig, 113) is . 
the A (answering) cord of the first pair 
of cords. The cord immediately in front 
of that cord, toward the operator, is the 
C (calling) cord of the first pair of cords. 
The term answerimmg cord means that on 
a station line signal this cord is useq in 
answering the signal, leaving the C cor 
available for making connections to ‘uhh 
exchange if this 1s required. This asso- 
ciation of cords to lines is necessary to 
proper supervision. Calls to another 
switchboard station can be completeg 
with the C cord. Answering and callin 
cords sometimes are referred to gs back 
and front cords, respectively, } 


(5) The two lamp signals immediately in 
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See 


front of each pair of cords are the sy per- 
visory signals associated with these cords 
The supervisory signal farthest from fhe 
operator is the A cord signal. The gic. 
nal nearer the operator is the C cord giz 
nal. These signals inform the operator 
when one or another of the connected 
stations hangs up the receiver, oy 
whether either station jiggles the hook- 
switch. The supervisory signals are dis- 
cussed in more detail in later paragraphs. 
The switch levers shown on the switch- 
shelf control the associated listening and 
ringing switches. Each pair of switches 
is associated with a pair of adjacent 
cords, Each switch lever may be placed 
in any one of the following positions: 
In any selected pair of levers, the lever 
farthest from the operator, when drawn 
backward toward the operator, operates 
the associated switch, which connects 
ringing power to the ring and tip of the 
A cord. Pushing the lever away from 
the operator establishes in the associated 
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Figure 113. Typicalnonmultiple common-battery switch board, 


cord circuit a condition commonly re- 
ferred to as a night connection. When 
the lever is vertical, the associated switch 
Is in its neutral position. The lever 
nearer the operator, when moved away 
from the operator, connects the operator’s 
telephone set to that particular cord eir- 
cuit, permitting intercommunication 
among the operator and the stations con- 
nected by the cord circuit. When the 
lever is drawn toward the operator, ring- 


ing power is connected to the ring and tip 
of the C cord. Service at a switchboard 
sometimes requires that certain extension 
stations be connected to central-office lines 
during times while the switchboard is un- 
attended, such as outside of regular busi- 
ness hours, and at night. This service 
‘an be provided in the usual manner by 
connecting the A cord to the extension 
station and the C cord to the central- 
office line. The act of connecting the C 
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(7) 


cord to the central-office line, however, 
automatically connects a bridge across 
the ring and tip cord conductors, and thus 
a signal appears at the central-office 
switchboard, even when the receiver is on 
the hookswitch at the extension station. 
The undesirable condition is corrected 
when the night-connection switch is 
moved to the operated position. ‘This 
operation opens the bridge across the ring 
and the tip cord conductors and holds the 
central-office line open until the receiver 
is removed from the hookswitch at the 
extension station. This establishes the 
night connection. 

The vertical portion of the switchshelf 
carries the operator’s telephone jack and 
the hand-generator crank. The opera- 
tor’s headset (transmitter and receiver) is 
corded to a plug. When this plug is in- 
serted in the telephone jack, the headset 
is connected electrically into the switch- 
board circuits. Almost every switch- 
board is equipped with a hand generator. 
This generator is used for ringing the 
bells at the stations when the ringing 
power supply fails or when no other ring- 
ing power is available. The hand gen- 
erator is operated by rotating the hand- 
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generator crank in a clockwise Cirection. 
Operating a ringing switch while turning 
the hand generator crank connects ring- 
ing power to the associated cord, 

Note. Access to parts of the switchboard ap- 
paratus and wiring is gained by removing a 
panel from the back of the board. Generally, 
this panel is removed by lifting upward and 
then drawing outward on the panel, Access to 
the switches shown on the switchshelf, opera- 
tor’s telephone jack, hand generator, and asso- 
ciated wiring is obtdined by 


unlocking and 
raising the switchshelf, 


A special switchboard 


92. Operation of Common-Battery Switch- 
board 


To make clear the main function of the switch- 
board in relation to the telephone lines and Sta- 
tions connected to it, a brief over-all picture of the 
operation of a common-battery switchboard js 
given in this paragraph. A number of import une 
details, omitted here for simplicity, are desopiped 
fully in later paragraphs. The present discussio; 
covers a cord circuit and the telephone ie oe 
which it interconnects through the swite 

a. Cord Cireuit. 

(1) Figure 114 is a simplified digoy 
i oe circuit Mm a pean ea 
board. This cirewuit consis 
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Simplified common-battery cord circuit. 
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igure 115. Simplified common-battery cord and line circuits, 


an answer cord and a ea/l cord, each of 


which contains three conductors: tip (T), 
rong (R), and sleeve (S). The tip con- 
ductors of the two cords are connected, 
and their junction is connected to the 
positive (grounded) battery bus through 
a filter network (par. 90¢ and fig. 112). 
Similarly, the two ring conductors are 
connected, and their junction is connected 
to the negative battery bus through a 
similar filter network, The sleeve con- 
ductors are shown not connected, <Ac- 
tually, they are used for connection to 
supervisory circuits, as explained in para- 
graphs 99 through 113, 

Each of the cords is connected at its free 
end to a plug containing three contacts 
(fig. 90). The contacts of the plug also 
are called tip, ring, and sleeve, from 
wlich the cord conductors connected to 
them derive their names. The plug at 
the end of the answer cord is called the 
answer plug, and is used by the switch- 
board operator in answering a call origi- 
nating at the calling telephone station. 
The plug at the end of the call cord is 


known as the cad/ plug; it is used by the 
operator to complete the connection to the 
called telephone station. 


bh, Line Circuits. 
(1) As ina local-battery system, a connection 


between two telephone stations in a com- 
mon-battery system is completed by 
means of a cord circuit through the Zine 
circuits associated with the two telephone 
stations. In figure 115, the line circuits 
are shown as consisting only of line jacks, 
one for each telephone line connected to 
the switchboard, into which the plugs of 
the cord circuits may be inserted by the 
operator. Actually, several kinds of line 
circuits are associated with common-bat- 
tery switchboards, all of them including 
some means for signaling the operator 
automatically when a station wishes to 
makeacall. Since the present discussion 
is concerned only with the basic elements 
of the common-battery system, however, 
consideration of the line circuits actually 
used in common-battery switchboards, in- 
cluding such necessary requirements as 
signaling and supervisory circuits, must 


111 


be deferred. Note that the line jacks il- 
lustrated have three contacts, also called 
tip, ring, and sleeve, to correspond to the 
contacts of the plugs and the conductors 
of the cords. 

The tip and ring contacts of the line jacks 
are connected by wires to terminals on 
the rear panel of the switchboard. Since 
the telephone line from each telephone 
station is connected to one pair of these 
terminals, each telephone station has a 
direct connection to a line jack on the 
front panel of the switchboard. Figure 
115 shows four telephone stations (num- 
bers 1001 through 1004), each of which is 
connected by a separate telephone line 
to a line jack on the switchboard. Also 
shown in the figure are two cord circuits, 
connected through their respective filter 
networks to the battery bus bars. All of 
the cord circuits contained in a switch- 
board are connected in this manner. 


e. Tracing a Call Through Switeh hoard. 
(1) The progress of a call from station 1001 


(the calling: station) to station 1002 (the 
called station) through the switchboard 
is traced in figure 116. Again, the oper- 
ation of the signaling and supervisory elr- 
cuits is not. considered in this introduc- 
tory simplification. Assume that the op- 
erator is informed that station 1001 
wishes to place a call. He iserts the 
answer plug of cord cireuit 1 in the line 
jack connected to station 1001, im A. 
This causes the tip and ring contacts of 
the plug to make contact with the tip and 
ring springs of the line jack, as shown. 
The operator switches his telephone set 
into the cord cireuit. He receives the 
number of the called station, 1002, from 
the calling station, and inserts the call 
plug of the same cord cirenit used im 
answering the calling station in the line 
jack associated with station 1002, as in 
B. He then rings station 1002 and 
watches for the answer signal. (‘This is 
made known to the operator by means of 
the supervisory circuit associated with 
the cord circuit, as explained later.) 
When station 1002 answers the ring, the 
ringing is stopped. 

A talking path now is established be- 
tween station 1001 and station 1002. The 


t 


— 
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or 


path is from station LOOL over the tip 
side of the telephone line to the tip con- 
tacts of the associated line jack and the 
unswer cord; through the tip conductors 
of the answer and call cords to the tip 
contacts of the call plug and the line jack 
of station 1002; over the tip side of the 
telephone line of station 1002 to the tele, 
phone set. of station L002; over the ring 
side of the telephone line of station 1008 
to the ring contacts of the associated line 
jack and the call plug; through the rine 
conductors of the call and answer patds 
to the ring contacts of the answer plug 
andl the line jack of station 1001: and 
finally, over the ring side of the telephone 
Hn a station L001 to the telephone set, _ 
Phe filters in series with the battery Jes, 
prevent the flow of talking current 
through the battery. Besides prevent a 
the battery from short-cireuit ine lis balls 
ing current to the listening statioy ‘ % 
prevent the various cord Girenits fro 
interfering with each other, For a 


ample, suppose a conversation js jy p sy 
| : a Cyc 

vess between telephones 1003 and yon, 
el i : (). 

by way of cord cireuit 2, as in B + 


| sn addi 
> Li. 


phones 1001 and 1002. Tf no filteys Were 
present in the cord cirenits, talkine oa 
rent originating at any of the foun fe 
tions theoretically could flow jy the 
receivers of a// of the other stone 
This, of course, would make impossible , 
private conversation between , a 
stations. 

With the circuit arrange 
B, however, it is possible 


Only two 


ment shown in 
: for any tio stac 
tions to have a private conversation 
wit hout interference from any other cone 
versations that might be in progress by 
way of the other cord cifcuits, Thys for 
example, if station 1001 wishes to aces 
verse with station 1003, the answer cord 
would be connected to the line jack of 
station 1001, and the calling cord would 
he connected to the line jack of station 
1005, The cord cireuits in the switeh- 
board therefore provide a rapicl and effi- 
cient means of interconnect inv the various 
lines terminating on the switchboard, each 
cord cirenit accommodating a conyersa- 
tion between any two stat ious. 
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Figure 116, Tracing a call from station 1001 to station 1002. 
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(6) Figure 113 shows that, although the 
switchboard has 100 line jacks and lamps 
accommodating 100 telephone stations, 1f 
has only 15 cord circuits and an additional 
answer cord (located at the extreme nioht 
of the plugshelf). This enables the 
switchboard to handle up to 15 individual 
calls at any one time, so that this particu- 
lar switchboard would be used in a 
common-battery system where the trafhte 
normally would be not more than 15 calls 
at any one time, The additional answer 
cord (not found on all switchboards) is 
used to notify a calling telephone that all 
the regular cord cireuits are busy when 
that situation arises, 

(7) After the various switchboard cireuits 
have been discussed more fully, para- 
eraph 112 will describe in greater detail 
the progress of a call through a common- 
battery switchboard. 


93. Basic Components of Common-Battfery 
Cord and Line Circuits 


a. Common-Battery Cords and Plugs. 

(1) The functions of the cords and plugs of 
the cord circuits in common-battery sys- 
tems, as explained above, are essentially 
similar to those associated with local- 
battery systems. In addition to provid- 
ing connections between a calling and a 
called telephone for talking and signal- 
ing, however, common-battery cords and 
plugs provide a means of automatic super- 
vision through their respective sleeve con- 
ductors and contacts. 

(2) Figure 117 illustrates a common-battery 
cord connected to a plug. Its general 
appearance is similar to the local-battery 
cord shown in figure 91. The common- 
battery cord, however, instead of having 
only two conductors, has three. As men- 
tioned previously, the conductors of a 
common-battery cord are the tip (white 
wire), ring (blue wire), and sleeve (red 
wire), and they are connected at the free 
end of the cord to the corresponding ter- 
minals (tip, ring, and sleeve) of the plug. 

(3) The other ends of the cord conductors are 
soldered or clipped to individual metal 
lugs and connected to terminals in the 
interior of the switchboard which con- 
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Figure 117. Common-battery switchboard cord and p) 
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nect the cords to the remainder of thy. 
respective cord circuits. The tip and p a 
of the cord and plug connect the line Wites 
from the telephone stations to the cord 
circuit by way of the various line jacks, 
(4) Bach cord conductor consists of fine t\n- 
sel threads and is insulated with 9 layer 
of silk floss covered by cotton braid of the 
proper identifying color (white, blue, op 
red). Asin the case of the local-battery 
cord, a strain cord also 1s provided which 
has the same function as the strain cord 
of the local-battery switchboard ( par, 
Te). | 
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Figure 118, Common-batlery line jacks, 


(5) The structure of the common-battery 


plug has been described in detail (par, 
706(2)). 


b. Common-Battery Line Jacks, 
(1) The line jacks shown in figures 115 and 


(2) 


116 are called stmple jacks. They have 
three contacts—tip, ring, and sleeve—to 
correspond to the contacts of the plug 
and cord. It will be remembered that 
the local-battery jack has only two con- 
tacts—tip and sleeve. ‘The tip and ring 
contacts of the simple common-battery 
line jack are spring-type contacts. ‘They 
make contact with the tip and ring con- 
tacts of the plug when a plug is mserted 
in the jack. The tip and ring wires of 
the telephone line, with which the jaelks is 
associated, are connected to correspond- 
ing terminals on the rear of the switch- 
board, and the tip and ring of the line 
jack are connected respectively to the 
same terminals, as explained previously. 
The sleeve of the line jack is tubular, and 
makes contact with the sleeve of the plug. 
Another type of line jack, called a eur- 
off jack, is illustrated in figure 118. This 
type of line jack has two aweriliary con- 
tacts in addition to the regular tip, ring, 
and sleeve contacts. When no plug is in 
the jack, one auxiliary contact hes 
against the tip spring of the jack, and the 
other against the ring spring. ‘This pro- 
vides a means of connecting an auxilary 
cirenit, such as a lamp circuit, to the tip 
and ring of the jack through the auxiliary 
contacts, as will be explained later. 
When a plug is inserted in the jack, as 
shown in the figure, the tip and ring con- 
tacts of the jack are spread farther apart, 
away from the auxiliary contacts, break- 
ing or cutting off the auxiliary circuit. 
Although the cut-off jack provides a 
simple means of connecting an auxiliary 
circuit to the tip and ring contacts of the 
line jack, it has a serious limitation. 
Since the main and auxiliary contacts 
are contained within the jack, they are 
not readily accessible for adjustment. 
Special tools must be used, and, even with 
such tools, adjustments must be made 
without possibility of observing the effect 
produced, unless the jack is removed from 
the panel. A means of overcoming this 
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imitation will be discussed later. 

Line jacks are mounted individually or 
in strips of 10 or 20, according to the type 
of switchboard in which they are used. 
The switchboard illustrated in figure 113, 
for example, has its line jacks mounted in 
strips of 10. 


e. Common Battery Signal Lamps. 
(1) The line signal used in common-battery 
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switchboards is usually a small lamp, in- 
stead of a ring-down drop, the drop- 
shutter mechanism used in local-battery 
switchboards (par. 67). A typical sig- 
nal lamp is illustrated in A, figure 119. 
It contains two filament terminals, smal] 
metal plates extending along opposite 
sides of the glass bulb, to which the fila- 
ment wires from inside the bulb are sol- 
dered. A small wooden or bakelite 
block, cemented to the rear end of the 
lamp, supports and insulates the filament 
terminals. The @lass bulb is tubular in 
shape to permit easy insertion of the lamp 
in the switchboard panel. In B, the 
lamp is shown im the position of a /imne 
lamp. A lamp of similar type is used 
for supervisory signaling. 

Because the line lamp is associated 
closely with the line jack, it usually is 
mounted in the switchboard panel as part 
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Structure and position of signal lamp, 
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of the same unit with its associated line 
jack, as in B. Here, a signal lamp is 
shown in a two-contact lamp jack below 
its associated line jack. After the lamp 
is inserted in its jack, the lamp entrance 
opening in the panel is closed with a glass 
lamp cap, or opal, as shown. ‘The lamp 
cap may be color-coded to indicate that 
a particular line shall receive priority in 
the matter of prompt service or that the 
station is equipped to dial its own calls, 
Lamp jacks, like line jacks, are mounted 
either individually or in strips of 10 or 
20, and they are located either directly 
below or directly above their respective 
line jacks. The lamps illustrated in the 
switchboard of figure 115 are located 
above the corresponding line jacks. 

(3) The operation of line lamps in signaling 
by the calling user is discussed m para- 
eraph 101 in connection with line cireuits. 


94. Common-Battery Telephone Sets 


Telephone sets in a common-battery system con- 
tain most of the same components that are in the 
loeal-battery telephone sets. The cirewts con- 
necting these components, however, differ consid- 
erably in the two systems. For this reason, the 
telephone sets in figures 115 and 116 are shown 
only in block-diagram form. It is now appropri- 
ate to consider the circuits of common-battery tel- 
ephone sets in detail. 

a. Basie Cirewt of Common-Battery Telephone 
Set. 

(1) The circuits of common-battery tele- 
phone sets may be classified as sidetone, 
or booster circuits, sidetone-reduction 
circuits, and antisidetone circuits, All 
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three types, however, are understood besy 
by considering first a simpler and more 
fundamental cireuit, basie to them aul) 
(ig. 120). Each telephone set, contains 
a transmitter, a receiver, an incluctiay), 
cou, T, with a primary winding, P, and 
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felephone set, 


same as that of the corresponding eom- 

ponents of a local-battery telephone set, 

Their relation to each other and to the 

other components of the eireuit differ in 

a common-battery system. 
bh. Operation of Basie Cireuwit. The basic sim- 
plified ciremit of a common-battery telephone set 
(fig. 120) can be considered conveniently in three 
parts: the primary, or transmitter circuit, the see 
ondary, ov receiver circuit, and the wnging 
circuit, 

(1) The primary circuit of a telephone set, 
shown in the figure, consists of the trans- 
mitter in series with the primary winding 
of induction coil I, hookswiteh H, and 
line terminals L1 and L2. The hook- 
switch, as explained in (38) below, closes 
this crenit whenever the receiver is lifted 
from its hook or cradle, as when a user 
lifts it to make or answer a call. The 
battery at the central office may be con- 
sidered connected effectively to terminals 
1 and L2, on answering a call, by means 
of the cord circuit, line jack, and tele- 
phone line. When the hookswiteh con- 
tacts are closed, direct current from the 
cominon battery flows through the pri- 
mary winding of the induction coil and 
the transmitter. Words spoken into the 
transmutter cause a pulsating direct cur- 
rent to flow through the primary winding 
of the induction coil and over the line. 
A similar telephone set, at the calling sta- 
tion, is connected to this set, and the simi- 
lar pulsating direct current flows through 
the primary winding of its induction coll. 
By transformer action, an «/fernating 
current flows in the secondary winding of 
the induction coil of the called set and 
in its receiver, where the sound waves 
striking the calling transmitter dia- 
phragm are reproduced. 

(2) The secondary cireuit consists simply of 
the secondary winding of the induction 
coil in series with the receiver, It has 


been explained above that the pulsating 


direct current in the primary winding of 
the imduction coil of the ealled set causes 
an alternating current to flow in the see- 
ondary winding and the receiver of the 
However, by the same trans- 
former action, the pulsating direct cur- 


ealled set. 


rent in the primary winding of the in- 
duction coil of the cal/ing set also causes 
aw corresponding alternating current to 
flow in the secondary winding and the 
receiver. of the calling set. This results 
in the production of an appreciable 
amount of sidetone (par. 58) so that the 
speaker hears his own voice in his own 
receiver, This undesirable effect 1s min- 
imized by the use of circuits described 
below (pars. 95 through 97). 

(3) Because the battery of a common-battery 
system is located at the central office, and 
is therefore always in the circuit, some 
means must be provided for making the 
circuit when a conversation is to be 
started, for keeping it closed while the 
telephone sets are in use, and for break- 
ing it when the telephone conversation 1s 
over. This function is performed by a 
hookswitch in series with the primary 
circuit (fig. 120). The receiver in a com- 
mon-battery telephone set hangs on the 
hook of the hookswitch when not in use, 
and its weight keeps the hookswitch con- 
tacts normally open. Removal of the re- 
ceiver causes the hookswitch contacts to 
close. Unlike the handswitch of the 
local-battery set, which may be the type 
that is pushed for talking and released 
for listening, the hookswitch contacts of 
a common-battery set remain closed dur- 
ing the entire conversation. 

ce. Ringer Cirenit. The ringer circuit of the 
basic common-battery telephone set consists of a 
ringer in series with a capacitor, usually of .5-pt 
capacity. The combination is connected directly 
across the line, between terminals L1 and L2. (In 
the basic local-battery circuit of figure 72, the 
ringer alone is connected across the line, and the 
capacitor is in series with the receiver and the 
secondary winding of the induction coil.) The 
capacitor, in the conmon-battery set, blocks the 
flow of direct current through the rmger, but per- 
mits the flow of ringing current. The ringer cloes 
not shunt the primary circuit of the set appre- 
clably so far as talking current is concerned, be- 
cause the impedance of the ringer path to voice 
frequencies is much greater than that of the pri- 
mary winding of the induction coil. Ringing in 
commou-battery systems is discussed more com- 
pletely in paragraphs 114 through 1z1. 
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95. Common-Battery Sidetone (Booster) Cir- 
cuit 


a. Arrangement, 'Vhe basic circuit of a com- 
mon-battery telephone set has been found (par. 
940) to produce considerable sidetone in either 
receiver. A more efficient circuit which, although 
it also produces sidestone, represents a consid- 
erable improvement over the basic circuit of figure 
120 is the so-called booster circuit (fig. 121). Ib 
contains the same components as the telephone set 
shown in figure 120, but they are arranged differ- 
ently. In this circuit, the receiver and the second- 
ary winding of the induction coil are connected in 
series between the junction of the ringer and 
capacitor at A and the upper hookswitch contact, 
which is electrically the same as B when the hook- 
switch contacts are closed. Although this ar- 
rangement permits some direct current to flow 
through the ringer and the receiver, the high re- 
sistance of these components makes the amount 
small. 
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Figure 121, Arrangement of common-battery sidetone 
circuit, 


b, Transmitting Circuit. When hookswitch H 
is closed, d-c voltage from the central office bat- 
tery is applied to the components of the telephone 
set shown in figure 121, Application of this d-e 
voltage produces a d-c current flow in two paths. 
One current path (path 1) is through the pri- 
mary of induction coil I, hookswitech H, and 
the transmitter. The other d-c path (path 2) is 
through ringer RG, the secondary winding of the 
induction coil, the receiver, the hookswitch, and 
the transmitter. The amount of direct current 
flowing through path 2 is less than that through 
path 1 because of the higher ohmic resistance of 
path 2. 
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(1) When a voice-frequency sound activateg 


the diaphragm of the transmitter anq 
disturbs the position of the carbon gran. 
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that deseribed above. Sip ae 
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line and enters the circuit heouan 
minals L1 and 12 (fig, 191). Te 
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ent will not enter path 2 be- 
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| of ringer 
ty ’ : ' ‘ ay SS 
KG. Because of this condition 


* » it might 
at first appear that no output would be 
obtained from the receiver unit. How- 
ever, this is not the case, because of in- 
ductive coupling between the windings 


of the induction coil. By transformer ac- 
tion, the primary current produced by 
the received signal induces a voltage into 
the secondary circuit consisting of the 
secondary winding, the receiver, the hook- 
switch contacts, the transmitter, and ca- 
pacitor C. Voice current flowing through 
the receiver unit provides reception of 
the incoming signal, 

(2) Again, a booster, or regenerative action 
is produced by the m-phase connections 
of primary and secondary windings of 
the induction coil, and these currents add 
in the common impedance presented by 
the transmitter. 

d. Circuit Efficiency. The over-all performance 
of the booster circuit is characterized by high ef- 
ficiency. The chief disadvantage of the circuit 
is the presence of a high level of sidetone, 


96. Common-Battery Sidetone-Reduction Cir- 
cuit 


a. Arrangement, A circuit that reduces the 
amount of sidetone produced in the receiver of its 
telephone set is the sidetone-reduction cirenit (fig. 
122). It is like the booster cirenit of figure 121, 
except that here the transmitter is connected in 


series with the primary winding of the induction — 


coil on the opposite side of the hookswitch con- 
tacts, as shown. 
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Figure 122, Common-battery sidetone-reduetion circuit, 
b. Operation. 

(1) Since the resistance of the primary eir- 

cuit of figure 122 is approximately the 


same as that of the sidetone circuit de- 
scribed in paragraph 95, both the di- 
rect current from the central office battery 
and the voice-frequency currents corre- 
sponding to the sound waves striking the 
chaphragm of the transmitter are similar 
to those in the sidetone circuit. In this 
circuit, however, because of the different 
location of the transmitter with respect 
to the receiver, all of the voice current 
originating in the transmitter flows in 
the primary winding of the induction 
coil, and only by induction in the re- 
ceiver circuit. The impedance of the 
ringer to vyoice-frequency current is 
so high that negligible current flows 
through the circuit comprised of the 
ringer and capacitor or the ringer, sec- 
ondary winding, and receiver. 

(2) The current fluctuations in the primary 
winding of the induction coil induce a 
corresponding alternating emf in the sec- 
ondary winding. The primary and sec- 
ondary currents are in phase because of 
the transformer connections, but little re- 
inforcement of currents occurs because 
there is no impedance common to primary 
and secondary circuits. As a result, side- 
tone is reduced. 

(3) Although the sidetone-reduction cirenit 
is effective in reducing the amount of 
sidetone, it lacks the desirable feature of 
the sidetone eireuit—that of causing a 
higher voltage to be impressed on the line 
by booster action. For this reason, frans- 
mission with the sidetone-reduction cir- 
cuit is less efficient than with the 
booster circuit discussed im the pre- 
ceding paragraph. 


97. Common-Battery Antisidetone Circuit 


a. Arrangement. As already explained, a high 
level of sidetone is undesirable in telephone re- 
ceivers, It produces interference when the set is 
operated in noisy locations, and usually makes 
the user lower his voice when he hears his spoken 
words reproduced loudly by his own receiver, thus 
reducing the output of his transmitter to the line. 
Both of the common-battery sets discussed in para- 
eraphs 95 and 96 produce sidetone. An antiside- 
tone cireuit which reduces sidetone to a very low 


i 


level is illustrated in figure 123. The actual circuit 
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diagram, in A, shows a thre 
coil, The primary circuit cons 
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ACTUAL GIRGUIT A 


Figure [2a. 


e-winding induction 
ists of a single pri- 


mary winding, P, in series with the transmitter. 

The secondary circuit consists of two secondary 
S on a ee T ni 

windings, S and B, with a resistor, N, connected 


between them. 


The receiver is connected across 


the series combination of the resistor and second- 
ary winding B, as shown. 
hb. Operation of Cireut. 
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(1) The operation of the antisidetone circuit 


shown in A can be understood by refer- 
ring to its equivalent cireuit for transmit- 
ting, in B. Voice currents originating 
in the transmitter flow in the primary 
coil, P, inducing voltages in both second- 
ary windings. These voltages are repre- 
sented in B by the a-c generators—E1 for 
the voltage induced in winding 5, and H2 
for winding B. Voltage 11 causes a cur- 
rent to flow through the parallel combi- 
nation of the receiver shunted by wind- 
ing B and resistor N, through the 
transmitter and back to winding 5 
through the capacitor (omitted from B, 
since it is practically a short circuit to 
voice-frequency currents). A portion of 
this current, of course, flows through the 
receiver in the direction shown by the 
unbroken arrows. At the same time, 
voltage E2 causes a current to flow in the 
series circuit consisting of the receiver, 
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98. Summary of Basic Principles and Com- 
ponents 


a. Common-battery systems use a centrally lo- 
cated storage battery in place of the individual 
dry cells at the telephone stations in local-battery 
systems. The common battery is actually an 





aueiliary source of power, the main source being 
either a motor-generator set or a rectifier system. 

6. The common battery gives a common-battery 
system certain advantages over a local-battery 
system, including automatic signaling and sim- 
pler supervision and mamtenance, Llowever, 
they can be used efficiently only where the trathe 
is heavy enough to warrant the relatively high 
eonstruction and installation costs, 

e, The two important paths im a common-bat- 
tery system are the direct-current path, for which 
the two telephone stations are in parallel with re- 
spect to the common battery, and the talking path, 
which does not include the battery. [Filter net- 
works are used to prevent the battery from short- 
circuiting the listening station. 

d, Common-battery switchboards, like local- 
battery switchboards, are used to permit efficient 
connection of any two telephone stations connected 
to the switchboard. However, because of the dif- 
ference in battery supply, there ave differences 
between the circuits contained in common-battery 
switehboards and those in local-battery switch- 
boards. 

é. Nonmultiple common-battery switchboards 
are arranged so that each incoming telephone line 
terminates in only one line jack on the switeb- 


board. This restricts the use of such switchboards 
to systems where no more than three operators are 
required to handle the traffic. The switchboard 
contains all the signal, supervisory, and pilot 
lamps, the line jacks, the cords and plugs, and 
the various switches and relays necessary for efhi- 
clent operation, 

7. Common-battery cords have three conduc- 
tors—tip, ring, and sleeve. Common-battery 
plugs have corresponding elements to which the 
conductors of the cord are connected. Cords nor- 
mally are plugged; one, the answer cord, is used 
in answering a calling station; the other, the call 
cord, for completing the call to a called station. 

g. Simple common-battery jacks have three con- 
tacts—tip, ring, and sleeve, corresponding to the 
three conductors of a common-battery cord. Cut- 
off jacks have two or more auxiliary contacts asso- 
cinted with the tip and ring contacts. ‘The aux- 
iliary contacts either can be made or broken by 
the movement of the jack springs. 

h. Line signals in common-battery systems are 
line lamps, mounted on the panel of the switch- 
board above or below their associated line jacks. 
Supervisory signals are lamps associated with the 


eord circuits. 


Section Il. MAJOR COMMON-BATTERY SWITCHBOARD CIRCUITS 


99. Telephone Relays 


a. Application of Relays to Telephony. As 
explained in paragraph 89, one of the imporant 
advantages of common-battery systenis over local- 
battery systems is the provision for automatic 
signaling and supervision, This is made feasible 
by the use of a control device called a relay. The 
principles of relays are explained in this para- 
graph before proceeding to a detailed discussion 
of the switchboard circuits which they control. 

b, Definition of Relay. A relay, HS usecl in 
telephone cireuits, is an electrically operated 
switch by means of which one switchboard circuit 
ean be made to control the operation of one or 
more other switchboard circuits: in some cases the 
use of a relay enables a circuit to regulate or con- 
trol its own operation. ‘The basic operation of a 
relay is similar, therefore, to that of a manually 
operated switch (par, 64), except that a relay Is 
automatic in its operation. 

e. Structure of Typical Relay. 

(1) Although there are many diflerent types 


of relays, differing in the details of their 
construction, operation, and application, 
the principle of operation 1s the same for 
all, and structural features are similar. 
Consider therefore what might be called 
a typical relay, iustrated in figure 124, 
(2) The essential components of any relay 
include an armature, the motion of which 
opens and closes the cirelut or circuits to 
be controlled, and one or more windings, 
through which the control current flows. 
The core on which the windings are 
placed is composed of a magnetic material 
such as silicon steel or permalloy. The 
number and types of the windings depend 
on the particular function of the relay. 
(3) Associated with the armature are an 
armature spring ind one or more contact 
springs. Each spring has one or more 
contacts made of pure silver, some silver 
alloy, or alloys of platinum or other 
metals, The contacts are arranged to be 
either open normally, as im figure 124, or 
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Figure 124. 


closed normally ; or, in relays with several 
contacts, some contacts may be open nor- 
mally and others may be closed normally. 
In the armature of some relays (fig. 124) 
there is a small setscrew, called a residual 
screw, Ttis used to prevent the armature 
from sticking to the core because of its 
residual magnetism, and can be adjusted 
for proper operation as required. 

To protect them from mechanical injury, 
and also to keep out dust and dirt, relays 
usually are provided with covers (not 
shown in the figure), often made of a 
nonmagnetic material so that they do not 
interfere with the operation of the relays. 
Some newer types of relays are sealed 
hermetically in an atmosphere of dry, 
inert gas, such as neon or argon. This 
protects them from the harmful effects of 
moisture, ice, fungi, acid, salt spray, and 
sand, and assures continuously uniform 
performance under varying conditions. 
They are becoming popular in military 
applications of equipment, especially tor 
foreign service. 

Telephone relays are mounted at the rear 
of the switchboard, either singly or in 
groups, depending on their particular 
function, or on the circuits with which 
they are associated. Relay covers may 
be designed to cover only one relay or 
several relays of a group. 


d. Operation of Relays. 


A relay is really an electromagnet when 
current flows through its winding. ‘The 
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Structure of typical telephone relay. 


magnetic field around the core causes the 
armature to be attracted Lo the core, Ae 
if moves on its pivot, the irmature ¢ | 
the armature spring to be pushe. 
moving the contact springs to 9 
close the various circuits controlled by t] 

relay. When the cirenit of the ae 
winding is broken, the magnetic field e i 
lapses, permitting the armature to aa 
back to its original position and restorin’ 
the relay contacts and springs to ¢] Ss 
normal position, oe 
The number and arrangement, of conta 
springs and contacts which a relay ave 
have depend on its application in 9 os 
ticular circuit, and on the power a a 
able to move the armature anid the 
springs. ‘The force with which the ar. 
mature 1s attracted is proportional to the 
strength of the magnetic field, which. 
turn, depends on the number of 
turns of the electromagnet, 
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Ly 
ampere- 
This can be 
made large by using either a winding of 
TAN turns anc a smal] current, se 5 
winding of fewer turns and 
current, 

When a relay is connected in series with 
other circuit components, the current 
avatlable to operate the relay depends on 
the total resistance of all the components 
in series, and tends to be relatively small. 
The winding (or windings) of the relay 
therefore should have a relatively Jow 
resistance but a sufficient number of turns 
to operate the velay properly. When re- 


a large 





lays are connected directly across the bat- a. Relay Contact Arrangements. 


tery, however, it is necessary to mecrease (1) 
the resistance of the windings in order to 

limit the current to a safe value, This 

usually is done by adding some German 

silver wire, or some other high-resistance 

wire, to the regular relay windings. 


100. Classification of Relays 


Although the relay shown in figure 124 may be 
considered representative, there are so many dif- 
ferent types of relays that it would be impractical 
to discuss each one individually. For the pur- 
poses of this manual, however, it will suffice to (2) 
consider some of the ways in which relays differ 
as to the arrangement of their contacts, their wind- 


- 


ings, and their current requirements, 


(3) 


(4) 
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Relays may be classified according to 
the contact arrangements they contain. 
These arrangements depend on the num- 
ber and kinds of contacts; whether con- 
tacts are made, broken, or switched; the 
order in which the contacts open or close; 
and the speed with which the contacts 
operate (discussed below). Some of the 
more common contact arrangements of 
relays are illustrated in figure 125, to- 
gether with the symbols used to denote 
the arrangements in schematic diagrams 
of telephone cireuits. 

In each symbol, the rectangle represents 
the magnet core, with the windings 
omitted, In complete circuit diagrams, 
the windings generally are included, and 
their connection to the controlling cireuit 
is shown. The relay armature generally 
is shown in the normal position—that is, 
the position in which the spring places it 
when no current flows in the operating 
winding. 

In some relays, the contact springs are 
constructed so that the movement of the 
armature is continued for a short distance 
after the contacts meet. This provides 
a Wiping action that tends to make the 
contacts self-cleaning, insuring good elec- 
trical connection. Most modern relays 
are constructed with twin contacts—two 
contacts mounted on separate arms of 
each contact. spring, so that they operate 
almost independently of each other. The 
circuit therefore is completed through 
one of the contacts even if the other ts 
not functioning properly because of dust 
or grit on its surface. 

Twin contacts also provide Iigher cur- 
rent-carrying capacity than a single con- 
tact. A pair of twin contacts, if properly 
adjusted, can accommodate almost twice 
the current that a single contact can 
accommodate. 


b. Relay Windings. The number and types of 
windines (fig, 126) with which a relay may be 
provided depend on the function the relay is re- 
quired to perform. ‘The windings usually are of 
enamel-coated wire and the successive layers are 


TM 678-340 separated by layers of thin insulating paper to 
Vigure 125. Arrangements -of relay contacts. keep the turns spaced. Enamel covering is used 
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in preference to silk or cotton because it occupies 
less space and is more impervious to moisture. 
The five representative winding arrangements are 
as follows: 

(1) A single-wound relay, shown in A, figure 

126, contains only one winding around a 

magnetic core. This is the simplest pos- 
sible type of relay winding, and the relay 
illustrated in figure 124 is of this type. 

(2) A double-wound relay, shown in B, con- 
tains two separate windings, both wound 
in the same direction. The second wind- 
ing is placed directly over the first. 

(3) A parallel-wound relay, in C, also con- 
tains two windings, but they are wound 
simultaneously around the core, instead 
of consecutively as in B. 

(4) A tandem-wound relay, in D, also con- 
tains two separate windings, but they are 
at opposite ends of the core. 

(5) A noninductive-wound relay, Ki, has 
two different kinds of windings. One is 
like the winding of a single-wound relay. 
A second winding starts out in the same 
way as the first, but is doubled back on 
itself in the opposite direction, as shown. 
This causes it to act like a noninductive 
shunt, and it is used in supervisory relays 
(to be discussed later) to bypass voice 
currents around the main winding. 

c. Current Requirements of Felays. Relays 
also differ in the relative values of current re- 
quired to operate them. All telephone relays are 
designed to operate, release, or nonoperate on cer'- 
tain definite values of current. Most-of them are 
designed to operate on the lowest ‘ralue of current 
flowing in the cireuit in which they occur. ‘The 
current required for the operation (or release ) of 
some relays is more critical than for others. In 
certain cases, relays may be designed to have : 
definite time delay in operating or releasing. A 
partial classification of relays with respect to cur- 
rent requirements is given below, 

(1) A marginal relay is one that operates 
when the current through its winding 
reaches a specified operate value, and re- 
leases when the current decreases to a 
certain lower release value. Marginal 
relays also may be designed to have a 
specified vonoperate value of current, 
They usually are designed to operate only 
ona relatively Azgh current value, and to 
remain operated even when the current is 
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Figure 126.) Types of relay windinas 


reduced considerably. When the cur- 
rent eventually reaches the release value. 
the relay releases. However, although 
a marginal relay remains operated dur- 
ing the interval when the current is di- 





(3) 


(4) 





minishing from the operate value to the 
release value, it is wnoperated while the 
current is inereasing Trom the release to 
the operate value. It is necessary to 
know both the operate and release values 
(or, in certain cases, the nonoperate 
value) of current in order to design a cir- 
eult in which a marginal relay is to be 
used, 

A slow-operate relay, as its name implies, 
is one that has a certain time delay in 
operating. ‘This means that the arma- 
ture of the relay is not attracted imme- 
diately to the electromagnet when its 
electrical circuit is closed. A relay may 
be made slow to operate by placing a cop- 
per collar around the end of the core near 
thearmature. This, however, also makes 
the relay somewhat slower in releasing. 
The speed of operation of a relay is re- 
duced also when the number of contacts 
and contact springs is increased. 

A. slow-release relay also has a time de- 
lay, but for releasing rather than operat- 
ing. ‘This means that the relay armature 
is not released unmediately when the eir- 
cuit of the electromagnet: is broken. A 
relay may be made slow to release by 
placing a copper collar around the end of 
the core away from the armature. 

A. polarized relay is one that is sensitive 
to the direction as well as to the magni- 
tude of the current flowing in the control 
circuit. Polarized relays usually are de- 
signed to operate on current in one di- 
rection, but, to remain nonoperated on 
eurrent in the opposite direction. ‘They 
have either a permanent magnet or a con- 
stantly energized electromagnet serving 
the same purpose, which exerts a fixed 
pull on the armature. Current in one 
direction aids the magnetic field and in- 
creases the pull on the armature, causing 
the relay to operate. Current in the op- 
posite direction weakens the magnetic 
field and decreases the pull on the arma- 
ture, causing the relay to remain non- 
operated. So-called two-position polar- 
ized relays are designed to permit release 
of one set of contact springs and opera- 
tion of another set when the direction of 
current is reversed. ‘Three-position po- 
larized relays provide the same type of 


242303—5h3——9 


3) 


(6) 


operation, but, in addition, also provide a 
neutral position for the armature when 
no current 1s flowing. 

An alternating-current relay 1s one that 
can operate an alternating current. Since 
an alternating current has a zero value 
every half-eycle, the magnetic field pro- 
duced by an alternating current in a coil, 
besides alternating in direction, also has 
a minimum value at corresponding points 
in the eyele. At and near instants of 
zero current, the armature will spring 
away from the core unless some special 
provision is made to hold it im the op- 
erated position. This can be done in 
several ways. One method consists of 
using an armature of such mass that its 
inertia will keep it attracted to the core 
while the enrrent is going through its 
zero value. Another method consists of 
using two windings on separate cores and 
connecting them so that the respective 
currents are out of phase with each other. 
Since both windings affect the pull on the 
armature, and since the two currents do 
not reach their zero values at the same 
time, there is always a pull on the arma- 
ture when alternating current is flowing 
in both windings. Still another type of 
alternating-current relay has a split pole 
piece, and one of the two parts is sur- 
rounded by a copper sleeve which acts as 
a single-turn short-circuited winding. 
Alternating current in the winding in- 
duces a corresponding current in the 
copper sleeve. The induced current, 
however, is out of phase with the current 
in the main winding, so that it does not 
reach its zero value at the same time as 
the current in the main winding: Conse- 
quently, there is always enough pull on 
(he armature to hold it in the operated 
position, when current is flowing in the 
winding, 

A differential relay has two windings 
with the same number of turns but wound 
oppositely on the core. Sucha relay may 
be designed to operate when only one 
winding carries current; when both wind- 
ings carry current in opposite directions, 
so that they produce aiding magnetic 
fields, since the windings themselves are 
in opposite directions; or when the wind- 
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ings carry currents in the same direction, 
so that they produce opposing magnetic 
fields. If equal currents flow in the same 
direction through both windings, the 
magnetic fields exactly neutralize each 
other, causing the relay to remain non- 
operated. 

(7) A differential-polar relay is one that uses 
a split magnetic circuit consisting of a 
permanent magnet and two windings. 
It is actually a combination of differential 
and a polarized relay and acts like both 
at the same time. 

d. Functions of Relays. The selection of a 
relay is dictated by the job the relay must per- 
form in a given circuit. Telephone relays may 
be classified conveniently as to their function 
switchboard circuits. Several types of relays— 
line relays, cut-off relays, supervisory relays, and 
trunk relays—and the circuits in which they op- 
erate are discussed in the following paragraphs. 


101. Common-Battery Line Circuits 


A line cirenit provides the necessary connection 
between a telephone line and the cord circuits of 
a switchboard. Practical line circuits also must 
provide for signaling the switchboard ope ‘ator 
when a call is coming in or has been terminated. 
Several additional components, omitted from the 
simplified line eireuit shown in figures 110 and 
116, are needed for this purpose. Three types of 
line cireuits used in common-battery ewitchboards 
are discussed below. 

a. Series Lamp Line Cireut. . 

(1) Figure 127 shows a fairly simple line cir- 
cuit, called a series lamp line circu t. In- 
stead of a simple line jack, this cireuit 
uses a cut-off jack (par. 93D). ‘The lower 
(ring) auxiliary contact is connected to 
one terminal of a signal lamp, the other 
terminal of which is connected to the 
negative terminal or bus of the central 
office battery. The upper (tip) auxihary 
contact and the sleeve of the jack are con- 
nected to a common ground wire to which 
the positive terminal of the office battery 
also is grounded. 

(2) It should be remembered for this and sub- 
sequent discussions that line wire term1- 
nals Li and L2 are connected by a 
transmission, line to the telephone set of 
the station with which the line circuit ts 
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Figure 127. Series lamp line circuit. 


associated. When the handset js resting 
in its cradle or on the hook, the hook- 
switch contacts are open, and conse- 
quently the line cirenit also js open, 
When a person at the calling station re- 
moves his handset from the hook, the 
hookswitch contacts close auton 
and complete a series cirenit from the 
office battery through the line lamp rine 
contacts of the jack, to line termina) Li. 
ring (R) side of the line, to the station 
transmitter circuit, the tip (‘T) Rida of 
the line to line terminal L2. tip contacts 
of the line jack to ground, The ain 
lights, indicating to the operator that the 
person at the calling station w 


atically 


ishes to 
place a call. In answering thig sional 
the operator inserts the answer plug of a 
idle cord circuit im the jack. This opera- 
tion spreads the tip and ring springs far- 
ther apart, opening the cut-off contacts 
and thus breaking the lamp cirenit. The 
signal lamp therefore is extinguished. 

3) The lamp in a series lamp line cirewit, 
before the operator answers the line sie- 
nal, is in series with the telephone line 
aud the transmitter of the calling station. 
‘This, of course, means that the voltage 
available across the lamp is only the dif- 
ference between the terminal voltage of 
the battery and the voltage drop in the 
line and transmitter. In lines of differ 
ent lengths, however, the voltage drops 
also will be different. Consequently, the 
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voltage available for the lamp in the line 
circuit of a relatively short line is con- 
siderably greater than for the lamp in a 
line circuit of a relatively /ong line. Be- 
cause of this, lamps having different re- 








sistances and different current and volt- 
age ratings must be used for lines of dif- 
ferent lengths. ‘This is objectionable be- 
cause maintenance personnel must be 
careful to avoid using the wrong lamps 
in the various line circuits. For this 
reason, series lamp line circuits generally 
are confined to lines where the cireuit 
resistance is such that the line lamp sig- 
nal brilliance is satisfactory. 
hb. Series Relay Line Circuit. 

(1) The main disadvantage of the series 
lamp line circuit is overcome by the serves 
relay line circuit (fig. 128). It contains 
one more component than the series lamp 
line circuit of figure 127—a single-wound 
relay. The relay winding occupies the 
position of the lamp in the series lamp 
line circuit of figure 127, The lamp in 
the series relay line circuit is connected 
in a series circuit with relay contact A. 
Thus, the current in the lamp (when the 
lamp circuit is closed) is independent of 
the current in the line, and consequently 
only one type of line lamp is necessary 
in switchboards using this type of line 
circuit, regardless of the length and re- 
sistance of the various lines. Further- 
more, the operation of the relay is not 
affected by differences in the lengths of 
the lines, because this type of relay can 
be constructed to operate through a fairly 
wide range of current. 


(2) When the handset is off the hook at the 
telephone station, a series cirenit. is com- 
pleted. This circuit is from the battery, 
line relay winding, cut-off contacts, ring 
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Figure 12s. Series relay line cirewit. 


side of the line, station transmitter cir- 
cuit, tip side of the line, cut-otf contacts 
to ground, the ring cut-off contact, and 
the ring side of the line. The current 
through the relay winding magnetizes the 
core, attracting relay contact A and clos- 
ing the lamp ciremt. As in the series 
lamp line cireuit, when the operator in- 
serts the answer plug in the jack, the cut- 
off contacts are opened, breaking the 
relay circuit. This, in turn, releases the 
armature, breaking the /amp circuit and 
extinguishing the lamp. 

e. Cut-Off Relay Line Circuit, 

(1) A serious disadvantage of both the series 
lamp and series relay line circuits results 
from the fact that they involve the use 
of cut-off jacks. As mentioned earlier 
(par. 930), the jack springs and auxiliary 
contacts are contained within the jack, 
making them inaccessible for periodic ad- 
justment. A line circuit that overcomes 
this disadvantage is the cut-off relay line 
circuit (fig. 129), which uses a cut-off re- 
lay in place of the cut-off contacts of a 
cut-off jack, and a simple jack instead of 
a cut-off jack. The cut-off relay wind- 
ing (fig. 129) 1s connected between 
ground and the jack sleeve, which, of 
course, no longer is grounded as in fig- 
ures 127 and 128. Although a relay has 
only one armature, the symbol used for 
the cut-off relay shows two armatures, to 
indicate that to separate contacts are 
broken when this relay operates (fig. 
125). The rest of the cireuit resembles 


a 


the series relay line circuit of figure 128. 

(2) Actually, there is only ene common bat- 
tery at the central office. In telephone 
circnit diagrams, however, it is customary 
to show a separate battery symbol for 
each part of the circuit in which the bat- 
tery is involved, and a separate ground 
symbol for each wire that is connected to 
the grounded positive terminal of the 
battery. This is done to keep to a mini- 
mum the number of crossing lines in the 
diagram. 

(3) Whena person at the telephone station re- 
moves his handset from the hook, the 
hookswitch contacts close and complete 
a series circuit from the battery, through 
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igure 129. 


Cut-off relay line-cireuit, 


the relay winding, cut-off relay contacts, 
ring side of the line, station transmitter 
circuit, tip side of the line, cut-off relay 
contacts to ground. The contacts of the 
cut-off relay remain in their normal, 
closed position, but the current through 
the winding of the dine relay causes 1t to 
operate. This closes the lamp circuit, 
and the lamp lights. 

(4) The operating cireuit of the cut-off relay, 
when the operator inserts an answer plug 
in the jack, is illustrated in figure 180. 
The sleeve of the plug is connected to the 
negative terminal of the office battery 
through a current-limiting resistor. In- 
sertion of the plug in the jack completes 
a series circuit from the negative battery 
terminal, through the resistor and the 
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Operation of cut-off relay line circuit. 


sleeve contacts of the plug and jack, 
through the winding of the eut-off relay, 
and back to ground. The cut-off relay 
now operates, opening bofh its contacts, 
as shown. ‘This, in turn, breaks the eir- 
cuit of the line relay, restoring its arma- 
ture to the normal position shown, and 
breaking the lamp cireuit, 
guishes the line lamp. 
(5) Iigures 129 and 130 show the upper con- 
tact. of the cut-off relay directly connected 
to ground. In the usual circuit of this 
type, this contact actually is connected to 
ground through a second, noninduective 
winding of the me relay. This, how- 
ever, does not alter the operation of either 
the cut-off or the line relay, 
Because the line and cut-off relays can be 
mounted in the rear of the Switchboard 
or on a separate rack outside the 
board, the contaet springs can be 
when necessary without interfe 
the work of the operator. Thy: 
the cut-off relay line cirenit ee 
ent from a maintenance standpoint : 
either the series lamp or the , 
line cirewit. 


This extin- 
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102. Common-Battery Cord Circuit 


The cord circuit enables the operator to connect 
a calling or called line to the office battery. and 
provides a voice-frequency path between the eall- 
ing and called telephones. This function js shown 
by the simplified cord circuits of figures 114 to 
116, which also show, in block form, the filters pe- 
quired to prevent the battery from short-cireuitine 
the voice-frequency currents. Practica] cord ane 
cuits, like practical line circuits, are a little more 
complicated than the simplified versions shown in 
the introductory figures. They differ in the kind 
of networks used as filters, Also, they must pro- 
vide for several additional functions, such as eon- 
nection of the operator’s telephone to either the 
calling or the called line; connection to intercon- 
nected local-battery systems; and signaling the 
operator of the termination of a call. Several ac- 
tual circuits which meet these requirements are 
discussed in the following paragraphs. 


103. Retardation-Coil Cord Circuits 


a. Simple Cireuit. One type of cord circuit 
Which provides the necessary high impedance to 
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voice-frequency currents in the battery leg 1s the 
retardation-coil cord circuit. A simple form of 
such a circuit (fig. 181) contains two retardation 
coils, one on either side of the battery in the bat- 
tery leg. Since the impedance of the coils to d'- 
rect current is small, they do not interfere seri- 
ously with the flow of direct current from the 
battery to either telephone station. Their high 
impedance to voice-frequency currents, however, 
prevents the battery leg from shunting the two 
stations, thereby permitting the voice currents 
originating in the transmitter of station A to flow 
in the receiver of station B, and vice versa. 
b. Limitations of Simple Cireuit. 

(1) The simple retardation-coil cord circuit 

described in a above, although it provides 
the necessary filtering action, operates 
satisfactorily only when the telephone 
lines which it interconnects have approxi- 
mately the same length and resistance. 
When the lines have different resistances, 
the transmitter connected to the lne hav- 
ing the larger resistance receives less di- 
rect current from the battery, whereas 
the transmitter connected to the line hav- 
ing the smaller resistance receives more 
direct current. 
This can be explained by an equivalent 
d-e cireuit (fig. 182) of the system under 
discussion. The resistance of the line 
connecting station A to the switchboard 
(line A in the figure) is assumed to be 
200 ohms, and that of the line connecting 
station B to the switchboard (line B) is 
assumed to be 50 ohms, as shown. The 
two lines are shown connected in parallel 
at the 40-ohm retardation coils. 
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Retardation-coil cord cireuit with retardation coils in common-battery leg. 
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Figure 132. Equivalent d-c circuit of simple retardation- 


(3) 


(4) 


coil cord circuit. 


The currents in the two lines now can be 
calculated. The equivalent resistance of 
900 ohms in parallel with 50 ohms is 200 
times 50/(200 plus 50), or 40 ohms. Add- 
ing this to the combined resistance of the 
two retardation coils gives a total circuit 
resistance of 40 plus 60, or 200 ohms. The 
total current from the battery, therefore, 
is 24/100, or .24 ampere, or 240 malli- 
amperes. 

The IR drop across the two retardation 
coils is 24 times 60, or 14.4 volts. This 
leaves 24 minus 14.4, or 9.6 volts across 
both lines A and B. The current in line 
A and transmitter A, therefore, is 9.6/200, 
or J8 milliamperes, whereas the current in 
line B and transmitter B is 9.6/50, or 192 
milliamperes—four times as much. It is 
apparent that the direct currents in the 
two transmitters in such a circuit are in 
inverse ratio to the line resistances. 
Thus, station A, having a line resistance 
four times that of station B, receives only 
one-quarter as much current. As a re- 
sult, transmission from station B to sta- 
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Figure 133. Timproved retardation-eoil cord eireutl, 


windings of each set are wound on 9 single 
core in such a Waly as ta produce an indue- 
tive winding. Usually, a two-windine 
relay is substituted for each sey 


tion A is much better than transmission 

from station A to station B. 
c. Improved Retardation-Coil Cord Cireurt. | 
(1) An improved retardation-coil cord circuit 
that operates more satisfactorily than the 


et, as indi- 
cated by the armature symbol] below e 
core in the figure. This is used fo, 


ach 


circuit in figure 152 is illustrated in figure Su- 
a rvisory purposes, and will he pent: - 
133. Instead of using two retardation peryeyeEe be explained 


later. In order to prevent the direct eur 
rents flowing in the two lines fron, iInter- 
fering with each other—and | 
voice currents around the retardation 
coils—capacitors, usually of “ut capac- 
ity, are connected in the cord cirenit. 4 
shown. 

(2) Figure 134, the equivalent d-¢ elrenit ot 


coils in series with the battery in the 
battery leg, the improved cirenit uses two 
sets of retardation coils in series with the 
common battery. One coil of one set 1s 
connected between the ¢ip conductor of 
the answer cord and the positive terminal 
of the battery, and the other coil of that 
set. is connected between the negative 


0 bypass 


5 


: 7 129 3 ie ede *DS . 
terminal of the battery and the 77g con- figure los, lusts ates the way m which 
ductor of the answer cord. In the second the improved circuit provides 2 more 


equal distribution of direct current to 


set, one coil is connected between the tip poe 
the two lines. Again, the resistance of 


conductor of the ca// cord and the positive 
battery terminal, and the other coil is 
connected between the negative battery 
terminal and the ring conductor of the 


line A and station A is assumed as 200 
ohms, and that of line B and station B 
is assumed as 50 ohms; the d-c resistance 


call cord, as shown, Actually, the two of each retardation coil again is assumed 
to be 30 ohms, but now there are four 


30 I. 30 f. such resistances, as shown. 





(3) Neglecting the internal resistance of the 
battery, the voltage available across each 
te half of the cord circuit—across two coils 
BO AL and the line resistance in series—is the 
full battery voltage, 24 volts. The total 

resistance of the branch containing line 

| oo | A is 200 plus 60, or 260 ohms; hence, the 
50 30 current in line A is 24/260, or 92.3 miélli- 


amperes. Similarly, the total resistance 
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Figure 134, Equivalent d-e circuit of improved retarda- of the branch contaiming line B is 50 plus 
tion-coil cord circuit. 60, or 110 ohms; hence, the current in line 
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(4) 


B is 24/110, or approximately 278 mall- 
amperes. Thus, line B still receives more 
direct current than line A; but, instead 
of a current ratio of 4 to 1, as was ob- 
tained with the simple retardation-coil 
cord circuit of figure 131, there is now a 
This, 


eurrent ratio of Jess than 2.4 to 1. 
of course, means that the operation of 
the two transmitters is more nearly equal, 
as is desired. 

This improved type of retardation-coil 
cord circuit (fig, 133) is used extensively 
in small common-battery switchboards. 
Each cord cirewt has its own set of re- 
tardation coils and capacitors, and the 
only part common to the various cord cir- 
cuits of the switchboard is the battery. 
Since the coupling between the different 
cord circuits is practically zero, there is 
no crosstalk between them. ‘The cireet- 
current path from the battery to the call- 
ing station includes the set of retardation 
coils connected in the answer cord, and 
the direct-current path to the called sta- 
tion includes the set connected in the call 
cord. The talking path, however, does 
not include the retardation coils or the 
battery, but is established from one line 
to the other by way of the capacitors, 
which have low impedance to voice cur- 
rents, and therefore do not appreciably 
reduce the amplitude of the 
currents. 


voice 


104. Repeating-Coil Cord Circuit 


4. Structure o / Pe peating Coil, 
(1) Another type of cord cireuit, used im the 


larger common-battery switchboards, 18 
the repeating-coil cord cireuit. It uses 
repeating coils in place of the retardation 
coils used in retardation-coil cord cireut. 
Before discussing the cirenit itself, a 
brief description of a typical repeating 
coil differs in structure from a retarda- 
tion coil chiefly in the shape of its core 
and the number of its windings. 

The repeating coil used in a repeating: 
coll cord circuit consists of a toroidal 
(doughnut-shaped) core, wound around 
by four separate windings (fig. 135). 
The core is made by winding a continu- 
ous iron wire in the shape of a coil. The 
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Figure 135, Connections of repeating coil. 


(3) 






Figure 130. 


core and its windings are inclosed in a 
pressed steel shell, and the shell is filled 
with an insulating material. The ends 
of the windings, which are brought out 
to terminal Ings on the outside of the 
shell, are numbered 1-2, 3-4, 5-6, and 7-8, 
respectively. The windings are indi- 
‘ated in schematic diagrams by either of 
the symbols shown in figure 156, 

As shown in the wiring diagram of figure 
135, the four windings are divided into 
two sets; one set, consisting of windings 
12 and 5-6, is connected in series with 
the battery in the answer cord; the other 
set, consisting of windings 5-4 and 7-8, 
is connected in series with the battery in 
the call cord. Direct current therefore 
is supplied to a calling station through 
windings 1-2 and 5-6 and the answer 
cord, plug, and jack, and to a called sta- 
tion through windings 3-4 and 7-8 and 
the call cord, plug, and jack. With the 
windings connected as shown, the mag- 
netic flux produced in the core by the di- 
rect current in each winding is m the 
same direction around the doughnut- 
The resultant flux, there: 


shaped core, 
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Repeating eoil, schematic diagrams, 
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(1) 


fore, is continuous, and is the sum of the 
fluxes produced by the individual wind- 
ing currents, in the direction indicated 
by the arrows in figure 135. 

b. Operation of Repeating-Coil Cord Circuit. 


A repeating coil transfers voice-fre- 
quency energy from one station to another 
by transformer action. It acts like a 
highly efficient 1-to-1 transformer. Its 
operation can be understood by referring 
to figure 137, which shows a repeating- 
coil cord circuit ready for connection, by 
means of plugs and jacks at either end, 
to telephone stations A and B. After 
the plugs are inserted in the respective 
jacks, and while the conversation con- 
tinues, direct current is supplied by the 
battery to both transmitters through the 
respective windings of the repeating coil, 
in the direction shown by the long solid 





other windings, as indicated by the short 
broken arrows. This, in effect, causes fod 


voice currents to flow through the bat- 
tery; but, since they are equal in magni- 


tude and opposite in direction, the 
resultant voice current through the bat- 
tery is zero. This not only prevents the 
battery from shunting the receiver of 
the listening station, but also prevents 
cross-talk between the various cord ¢ir- 
cuits of the switchboard. 

The net effect of the action of the repeat- 
ing coil is to form a continuous path for 


voice-frequency currents from station A 


to station B (or from B to A) without 
including the battery. ‘Thus, a current 
flows through winding 1-2 from terminal 
2 to terminal 1, through winding 3+ 
from terminal 8 to terminal 4, to station 
B over the tip side of line B, and back 





arrows in figure 137. 

(2) Now assume that a person at station A is 
speaking into the transmitter, causing 
voice-frequency currents to originate 
there. Also assume that the direction of 


| 
| 
over the ring side of line B to terminal 
7, through winding 7-8 to terminal 8, | 
through winding 5-6 from terminal 6 te 
terminal 5, and back to station A. 
This permits the person at either station 
the voice current at a given instant is to hear the conversation originating at 
such that it flows from the transmitter the other station. 
to the cord circuit over the up (‘T) side of (4) Although the directions in which the 
the line. The voice current reaches ter- windings of the repeating coil are wound 
minal 2 of the repeating coil, and flows on the core are such as to cause their 
through winding 1-2, the battery, wind- fluxes to be in the same direction through 
ing 5-6, and back over the ring side of the core when direct current flows | 
the line, as indicated by the shorter, solid through them, the fluxes produced by a/- — 
arrows in the figure. Since windings 1-2 ternating current in the windings canéel, | 
and 5-6 are coupled magnetically to wind- and their resultant is zero, as explained | 
ings 8—t and 7-8, a voltage is induced in ina (3) above. This can be understood 
windings 8-4 and 7-8. This voltage by considering the directions of the voice- | 
causes a corresponding induced voice cur- frequency current in the four windings | 
rent to flow through windings 3-4 and of the repeating coil shown in figure 1387 | 
and tracing them in figure 135. The | 
voice-frequency current through wind- 


7-8, equal in magnitude but in the 
opposite direction to the current in the 
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Figure 137, Simplified repeating-coil cord eireuil. 
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ing 1-2 in the direction shown in figure 
137 sets up a flux in the same direction as 
the one in which the arrow (fig, 135) 
within coil 1-2 is pointing; but the cur- 
rent in winding 3—t (fig, 137) sets up a 
flux in the opposite direction to the one 
in which the arrow within winding 3-4 
(fig, 135) is pointing. The two fluxes 
therefore cancel each other. Similarly, 
the fluxes produced by the voice-fre- 
quency current in windings 5-6 and 7-8 
(fig. 137) cancel each other. Thus, the 
series combination of windings 1-2 and 
5—- and that of windings 5-6 and 7-8 
behave like noninductive pairs of wind- 
ings, causing the impedance of the two 
pairs of windings to be negligibly low to 
voice-frequency currents. This, in turn, 
permits the two pairs to serve as a path 
for alternating current. between the two 
stations, withont causing reduction in the 
amplitude of the current, and eliminates 
the need for capacitors between the tip 
conductors and ring conductors of the 
answer and call cords, 


105. Operator's Telephone Circuits 


Either of the common-battery cord circuits de- 
scribed in the preceding paragraphs fulfills the 
essential electrical purpose of a cord circuit. Both 
enable the operator to connect any two telephone 
lines to the office battery, and both provide a talk- 
ing path between the two telephones in use. 
Neither type of circuit, however, permits the user 
of the calling telephone to tell the operator the 
number of the telephone he wishes to call. For 
the system to be practical, it must be possible for 
the operator to listen or to talk to either telephone. 
For this purpose, an operator's telephone circuit 
for the entire switchboard is provided. In effect, 
this connects the operator’s telephone set across 
the line from any calling telephone—either before 
or after the called telephone is connected—form- 
ing an additional voice-frequency path in parallel 
with the cord circuit. There are several types of 
operator’s telephone circuits. They differ in the 
cireuits associated with the operator’s telephone 
set. The operator’s set generally is connected to 
the switchboard by means of a plug and jack. A 
lever switch enables the operator to switch his 
telephone into or out of any cord cirenit. The 
operator’s set differs from the user’s set in that 
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it has no ringer or hookswitch contacts. The 
function of the ringer is performed by switch- 
board lamp signals, and that of the hookswitch by 
the operator’s plug, jack, and lever switch. Two 
operator’s circuits commonly used in common- 
battery switchboards are described in paragraphs 
106 and 107, 


106. Operator’s Circuit in Retardation-Coil 
Cord Circuit 


a. A type of operator’s telephone ‘circuit com- 
monly associated with retardation-coil cord cir- 
cuits, and the method by which it is switched into 
such a cord circuit are illustrated in figure 138, 
This particular circuit is a sidetone circuit, and is 
used in many smaller common-battery switch- 
boards. It is connected to the tip and ring of the 
cord cireult by means of a listening lever switch 
(also called a talking lever switch), as in a local- 
battery cord circuit. In figure 158, the listening 
switch is shown in the position in which the oper- 
ator’s circuit is disconnected from the cord circuit. 

h. The receiver of the operator’s telephone cir- 
cuit is connected to the two sleeve contacts of a 
double plug (fig. 138). When the plug is inserted 
in the double jack, the receiver is connected across 
the cord cireuit through capacitor Cl and second- 
ary winding $ of induction coil I at the contacts 
of the listening switch. Thus, when the listening 
switch is thrown to the listen position, the opera- 
tor can hear what is being said at either telephone 
station, Capacitor Cl blocks direct current from 
the receiver path, making it unnecessary to pole 
the receiver. 

c, The transmitter of the operator's circuit is 
connected to the two t#p contacts of the double 
plug (fig. 138). When the plug is inserted in the 
jack, the transmitter is connected in series with 
primary winding P of induction coil I, and with 
a two-branch parallel combination. One branch 
consists of the office battery in series with a high- 
resistance choke coil, L: the other contains only a 
capacitor, C. The choke coil serves two purposes: 
It limits the direct current in the transmitter to 
the proper value, and helps to prevent the voice- 
frequency currents originating in the transmitter 
from passing through the battery. The capacitor, 
because of its low impedance to alternating cur- 
vent, bypasses the voice-frequency currents trom 
the battery branch. Thus, the d-c path consists 
of the battery, choke coil L, transmitter, and pri- 
mary winding P; the talking path consists of the 
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Figure 188. Operators telephone cireuit connected to retardation-coil cord cireuit. 
transmitter (the source in this case), capacitor ©, cord circuit, since these currents reach the Sord 
and primary winding P. The primary circuit 1s circuit by way of the secondary Winding of the 


closed simply by the insertion of the double plug induction coil. 

in the jack (unlike the receiver circuit, which re- 

quires manipulation of the listening switch), and 107. Operator's Circuit in Repeatin Coil 
| g-Col 








it remains closed as long as the plug remains in Wa seA 
al ise Ret ede ee par ee Eos Cord Circuit 
the jack, The listening switch, however, must be 
in the listening position for the voice currents a, The operator's telephone circuit used With a 
originating in the operator’s transmitter to flow repeating-coil cord circuit is usually an antiside- 
in the receivers of the telephones connected by the tone civeuit (fig. 139). The primary circuit 
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Figure 139. Operator's telephone circuit associated with repeating-coil cord eireuil 
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differs from the antisidetone circuit of figure 123 


in that it contains an induction coil with two pri- 
mary windings, A and B, connected in parallel, 
instead of in series. This method of connection 
ereatly increases the voltage that is induced in 
the secondary windings of the induction coil. In 


this illustration, the connection of the operator’s 


circuit. to the cord circuit has been simplified by 
omitting the operator’s plug and jacks, and show- 
ing the listening switch and the cord cireuit as 


108. Supervisory Signals 


uw. The term supervision may be considered to 
include everything that the operator must do be- 
tween the original signal from the calling tele- 
phone and the restoration of the switchboard to its 
original condition following the completion of a 
‘all. In order to perform the necessary operations 
at the right times, he must know when a user 
wishes to make a call, whether the called telephone 


has answered, when either user wishes to talk to 
the operator (for instance, to report a wrong 
number), and when either or both users have hung 
up their receivers. 

b. The line lamps (par. 101) which inform the 
operator of an incoming call go out as soon as a 
cord circuit is connected to the calling line circuit. 
At this point, an additional set of signals, called 
supervisory lamps and associated with the cord 
circuits rather than the line circuits, comes into 
service, Hence, the term supervision usually 1s 
restricted to operations performed by the operator 
after a talking path has been established between 
the calling and the called stations. These lamps 
are located on the plugshelf of the switchboard 
(fig. 143) and they signal the operator when either 
the calling or the called person replaces his re- 
ceiver on the hook or removes the receiver when 
answering a call. A separate lamp is associated 
with each cord of all cord pairs. Each super- 
visory lamp is controlled by the hookswitch at 
the associated telephone station. remaining lighted 
as long as the hookswitch contacts are open (hand- 
set on hook), and going out when the hookswitch 
contacts are closed (handset. removed from hook). 
When either person hangs up. the lamp associated 
with the cord connected to the associated line jack 
lights again. Thus, when both lamps are lighted, 
this informs the operator that the call is finished, 
so that he may disconnect the pligs from the line 
jacks, or clear the connection. 

». Two of the circuits by which the supervisory 
signals are connected into eommon-battery cord 
circuits are discussed in the two paragraphs 


blocks. 

b. This type of operator's telephone circuit dif- 
fers from that of figure 135 in the manner of con- 
necting the receiver in the secondary circuit. Fig- 
ure 139 shows the receiver connected across half of 
the secondary winding, in series with a nonin- 
ductive resistance, NI, of approximately 370 ohms. 
This value is comparable to the resistance of the 
average line to a telephone station. When this 
eirenit is connected to a line (through a cord eir- 
cuit), it acts as a balanced bridge, and no voice 
current originating in the operator’s transmitter 
flows in his own receiver. The voice current in the 
primary induces equal voltages in the two halves of 
the secondary. Both halves of the secondary are 
in series with a resistance of 870 ohms; conse- 
quently the induced voltages cause equal currents 
to flow in each half of the secondary. (Capacitor 
C1 is practically a short cirenit to voice-frequen- 
cies.) A part of each current may be considered 
to flow in the receiver, but in opposite directions. 
The resultant current in the receiver, therefore, is 
zero, and the voice current flows only in the eir- 
euit formed by the two halves of the secondary, 
the line, capacitor C1, and the 370-ohm resistor. 

¢, Currents originating in the transmitters of 
the telephone stations, however, do flow in the op- 
erator’s receiver. For these currents, the opera- 
tor’s receiver is in parallel with half of the 
secondary winding and the 870-ohm resistance in 
series, but this parallel combination is now in 
series with the other half of the secondary wind- 
ing as far as the source is concerned. Since the 
receiver resistance is only about 75 ohms, most of 
the line current flows through the receiver. 

d. This type of operator's circuit may be used 
also with a retardation-coil cord cireuit. Of 
course, like the operator’s circuit of figure 138, it 
is connected to the switchboard by means of a 
plug and jack, and to the cord cirenits by means 
of the listening lever switch. 


following. 


109. Supervision in Retardation-Coil Cord 
Circuit 


a. A type of supervisory circuit generally used 
1 connection with a retardation-coil cord circuit 
is shown in figure 140. Two tandem-wound re- 
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Kiqure 140. Supervisory circuits in retardation-coil cord cirevil, 


lays, A and B, are used in place of retardation 
coils, but they perform the functions of retarda- 
tion coils as well as those of relays. The circuit 
also includes supervisory lamp A, associated with 
the answer cord and station A, and supervisory 
lamp B, associated with the eall cord and station 
B. One terminal of each lamp is connected to the 
negative terminal of the office battery, and the 
other terminal of each lamp is connected to the 
break contact of the corresponding supervisory 
relay. The armature of each relay is connected 
to the sleeve contact of the corresponding plug— 
relay A to the sleeve of the answer plug, and relay 
B to the sleeve of the call plug. 

6. When either plug is inserted in a line jack, 
its sleeve makes contact with the sleeve contact of 
the jack, which is grounded (fig. 140). This 
grounds the relay armature contact, completing 
the cireuit of the supervisory lamp. Remember, 
however, that the lamp circuit remains closed only 
so long as no direct current is flowing through the 
relay Winding, permitting the armature to remain 
In its normal (nonoperated) position. This con- 
dition, in turn, is met only when the hookswitch 
contacts at the associated station are open (re- 
ceiver on its hook). This is true because, with 
the plug in its line jack, the hookswitch controls 
the flow of direct current to the station, and, thus, 
through the relay winding (par. 103¢). The op- 
eration of the supervisory circuit is explained best 
by following the sequence of events when a user 
initiates a call, 

_¢, Assume that. station A wishes to call station 
B (fig. 140). When the handset is removed from 
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the hook, the hookswitch contacts close and the 
line lamp associated with station A lights, inform- 
ing the operator that station A is calling. (The 
line cireuits and line lamps, the operation of whj ch 
were explained in paragraph 101, are omitted for 
simplicity in figure 140.) The operator inserts 
the answer plug of a cord circuit in the line rack 
of station A, causing the line lamp to be extin- 
guished. At the same time, since the line circuit 
which includes the windings of Supervisory relay 
A, is closed through the tip and ring contacts of 
the plug and jack, the relay operates, The. ar- 
mature moves away from the contact, breaking 
the circuit of supervisory lamp A, and conse- 
quently this lamp does not light at this time. 

d. The operator throws the listening lever 
switch to the listening position, connecting his tel- 
ephone circuit through the answer cord to station 
A. He then asks for the number of the called sta- 
tion. Upon receiving the number, he Inserts the 
call plug of the same cord circuit used jy answer- 
ing station A into the line jack of station b, the 
called station. The operator then th rows the 
ringing switch to the position which connects the 
ringing circuit to the tip and ring of the eal] plug 
and jack, signaling station B. (For the present, 
the ringing circuit is shown only in block form, 
and will be explained more completely later.) 

é. When the ringing switch is returned to its 
normal (ringing stopped) position, but before 
someone at station B removes his handset from 
the hook, the hookswitch contacts at station B are 
open so that no current flows through supervisory 
relay B, and its armature is therefore in the nor- 


mal (unoperated) position shown in figure 140, 
The circuit of supervisory lamp B therefore is 
closed (4 above), since the sleeve of the plug is 
grounded by the sleeve contact of the jack, and 
lamp B lights. Now, when someone at station B 
remoyes the handset from the hook in answer to 
the ringing signal, the hookswitch contacts are 
closed, closing the circuit through the windings of 
supervisory relay B. The operation of this relay 
breaks the lamp circuit and thus extinguishes su- 
pervisory lamp B. 

7. During the time the conversation is in prog- 
ress, both supervisory lamps remain extinguished. 
When the conyersation is completed, both hand- 
sets are replaced on their hooks. This reopens the 
hookswitch contacts at both stations, breaking the 
d-e eireuit of both supervisory relays. Both ar- 
matures are restored to their normal positions, 
closing both supervisory lamp circuits and ve- 
lighting both lamps. When the operator sees the 
two lamps go on, he knows that the call has been 
completed, and removes both plugs from the re- 
spective line jacks, extinguishing both lamps 
again, and making the cord cirenit available for 
another call. 





110. Supervision in Repeating-Coil Cord Cir- 
cuit 

a. The supervisory circuit discussed in para- 

graph 109 is feasible in conjunction with a re- 

tardation-coil cord circuit, because relays can be 

substituted for the retardation coils. However, 

the repeating-coil associated with a repeating- 
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cou cord cirewt has only ene core, and this a cir- 
cular one, so that it obviously could not be used as 
two separate relays m conjunction with the two 
supervisory lamps required for supervision, even 
if its core had ends to which an armature would be 
attracted. For this reason, two separate relays— 
one in the answer-cord circuit. and the other in 
the eall-cord cireuit—must be provided to control 
the operation of the supervisory circuits used in 
conjunction with a repeating-coil cord circuit. 

b. Figure 141 shows the supervisory circuits as- 
sociated with a repeating-coil cord circuit. Super- 
visory relay SR1, associated with the answer cord, 
is connected between terminal 5 of the repeating 
coil and the lower spring contact (ring) of the 
listening switch; similarly, supervisory relay 
SR2, associated with the call cord, is connected 
between terminal 7 of the repeating coil and the 
ring of the call plug (when the ringing switch is 
in the position shown), Note that in this circuit 
each relay has a make contact instead of a break 
contact as in the supervisory relays shown in fig- 
ure 140. Supervisory lamps SLI and SL2 have 
one terminal commonly connected to the negative 
terminal of the battery and the junction of the 
contacts of the two relays. The other terminal of 
each lamp is connected to the sleeve of the corre- 
sponding plug through an 83-ohm resistor, as 
shown. A 40-ohm resistor is connected from the 
armature of each relay to the junction of the cor- 
responding supervisory lamp and 83-ohm resistor. 

¢. When either plug is inserted in its line jack, 
with the hookswitch contacts at the station open, 
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Supervisory circuits in repeating-coil cord cirenit, 
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and the ring and ring-baek switches in their nor- 
mal positions (fig, 141), the grounded sleeve of 
the jack grounds the sleeve of the plug and com- 
pletes a series circuit consisting of the battery, the 
supervisory lamp, and the 83-ohm resistor. The 
supervisory lamp lights, as it does under similar 
conditions in the circuit discussed in paragraph 
109, When a person at either station removes his 
handset from the hook, the closing of the hook- 
switch contacts causes direct current to flow 
through the windings of the corresponding half of 
the repeating coil and the associated supervisory 
relay, and over the tip and ring sides of the line by 
way of the cord, plug, and jack. The supervisory 
relay operates, pulling the armature against the 
make contact, and completing the path of the 
40-ohm resistor so that it is in parallel with the 
lamp. 

d. The effect. of the 40-ohm resistor (fig. 141) 
is to place a low resistance across the lamp when 
the supervisory relay is operated, dropping the 
voltage across the lamp to less than the value neces- 
sary tolightthelamp. Ifthe relay armature were 
connected to the lamp directly instead of through 
the 40-ohm resistor, the lamp would be shorted 
out completely when the relay is operated, and the 
entire battery voltage would appear across the 
83-ohm resistor. Note, however, that the lamp 
resistance is 120 ohms, three times that of the 40- 
ohm resistor, Since the effective resistance of this 
parallel combination is 30 ohms, a part of the bat- 
tery voltage appears across the lamp. When the 
supervisory relay is operated, one-quarter of the 
current through the relay armature passes through 
the lamp. This is not enough to light the lamp, 
but is enough to keep its filament warm so that it: 
will relight almost instantly when sufficient cur- 
rent again flows through it. 

é. Sinee the supervisory relays (fig. 141) we in 
the talking path as well as the d-e path, there must 
be provision for making their impedance to voice- 
frequency currents low, so that they do not reduce 
the amplitude of these currents. This is acconi- 
plished by connecting a noninductive winding 
across the relay winding, as shown. Its resistance 
is made low enough to reduce the equivalent im- 
pedance of the relay to voice-frequency currents, 
but not so low as to short-circuit the relay winding 
and prevent its proper operation. 

/. This method of shunting the supervisory 
lamp can be used in conjunction with a retarda- 
tion-coil cord circuit (without the additional re- 
lays, of course). Tt is superior to the method dis- 
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cussed in paragraph LOY because the sleeve circuit 
never is opened, and because the lamp lights more 
quickly when the hookswitch contacts at the asso- 
elated station are opened again. 

7. Vhe reader should trace the progress of a call 
from station “A to station B with the aid of fioure 
[41 as a means of reviewing the operation of the 
supervisory circuit just discussed. 


111. Universal Cord Circuit 


a. Function of Universal Cord Cipeuit. A 
third type of corel circuit, called il Mnaeversal cord 
circuit, is provided in many military switeh- 
hoards. Such a circuit, one form of Which is 
shown in figure 142, is needed jn switchboards 
that serve both common-battery and local-battery 
lines. The universal cord emreuit supplies battery 
voltage to the common-battery hnes but not te the 
local-battery lines. The cirenit js called | 
sa/ because it provides a talking path 
common-battery lines, between two 
lines, or between a common-battery 
battery line in either direction, 

hb. Cannection to Two Common-Battery 
First, the operation of the unive 3 
(fig. 142) between two common- 
stations will be examined, 
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cord circuit in the line jack, and the sleeve 
of the plug makes contact with the sleeve 
of the jack. Remember that. ina Baie 
mon-battery line circuit, the sleeve of the 
line jack is grounded, vithey ivectly 
through the winding of a cut-off 
(in a cut-off relay line cirenit), 
sertion of the plug therefore 

the following cirenit: 


Or 
rely 

The in- 
completes 
from the negative 
terminal of the battery — | lio, 142), 
through the winding of a relay B and 
supervisory lamp SLi, and back to 
ground through the sleeve of the plug 
aud jack. Lamp SLI lights, and relay 
B operates, causing a sequence of events. 
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Figure 142. Universal cord circuit, 








First, ground is connected to the éip of 
the answer cord and plug through make 
contact 4 of relay B and the upper wind- 
ing of relay A. At the same time, the 
negative battery is connected to the ring 
side of the answer cord and plug through 
make contact 2 of relay B and the lower 
winding of relay <A, Direct current 
flows through the windings of relay A, 
which is wound so that the two magnetic 
fields aid each other, and over the tip and 
ring sides of the line to the calling sta- 
tion. Relay A operates, closing make 
contact 1 of relay A, and placing ground 
on contact 5 of relay B (this contact was 
made by the operation of relay B). This, 
however, also grounds the side of lamp 
SL1 which is connected to contact 3, 
shorting out the lamp, and causing it to 
go ont. Relays B and A, however, re- 
mainenergized. Since contact 5 of relay 
B also has been broken, there is no return 
to ground for the recall lamp, and conse- 
quently it does not light at this time. 

Outgoing call, Upon receiving the num- 
ber of the called station in the usual man- 
ner, the operator inserts call plug CP of 
the same cord circuit (fig. 142) into the 
line jack of the called station (not 
shown). The sleeve of the plug is 


grounded by the sleeve of the jack, com- 
pleting the circuit from the battery 
through supervisory lamp SL2 and the 
winding of relay C. Lamp SL2 lights 
and relay © operates, causing ground to 
be connected to the tip side of the call 
cord and plug through make contact 4 
of relay C and the upper winding of relay 
D, and the negative battery to be con- 
nected to the ring side of the call cord 
and plug through make contact 2 of relay 
C and the lower winding of relay D, in a 
manner similar to the operation ex- 
plained in (1) above. However, since 
the hookswitch contacts at the called sta- 
tion are still open, no complete cireuit 
exists as yet through the windings of 
relay D, and therefore it still does not 
operate, The operator now rings the 
called station, using the talk-ring lever 
switch, TREK. When the called tele- 
phone answers, the circuit of relay D is 
completed through the hookswitch con- 
tacts, causing it to operate. The opera- 
tion of relay D short-cireuits lamp SL2 
in the same manner that the operation of 
relay A short-circuits SL1. Supervisory 
lamp SL2 therefore is extinguished. 

Completion of call. When the call is 
completed, the talking path is broken at 
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the hookswitch contacts of the first per- 
sontohangup. This restores relay A or 
D (eventually both), and causes the asso- 
ciated supervisory lamp to relight. 
When both persons have hung up, the 
operator removes the plugs from the 
jacks, restoring relays B and C, and ex- 
tinguishing both supervisory lamps. 


ce. Connection to Two Local-Battery Lines. 
Now, the operation of the universal cord cireuit 
(fig. 142) between two local-battery lines and sta- 
tions will be explained. 
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(1) 


(2) 


(3) 


Ineoming call. Assume that a person at 
the calling telephone has signaled the 
operator that he wishes to make a call. 
When the operator inserts answer plug 
AP of the universal cord circuit into the 
line jack, relay B does noé operate, be- 
cause the sleeve of the jack in a local- 
battery line circuit is open (not 
erounded). The two windings of relay 
A, therefore, remain connected in series 
through contact 1 (normal position 
shown) of relay B, and the series combi- 
nation remains bridged across the tip and 
ring of the answer cord for later super 
vision. Lamp SLi, of course, does not 
light, because the sleeve of the jack 15 
open, 

Outgoing call, The operator asks for 
and receives the number of the called sta- 
tion, He inserts call plug CP (fig. 142) 
of the same cord circuit into the line jack 
of the called station and rings the station 
until someone answers. Relay C does 
not, operate for the reason given in (1) 
above; hence, the two windings of relay 
D, like those of relay A, remain connected 
in series with each other, and the com- 
bination remains bridged across the tip 
and ring of the call cord. The talking 
lever switch is kept in the ¢al& position 
at all times except during the actual ring- 
ing, so that the operator may know when 
the call is answered ; no other supervisory 
signal is provided (lamp SL2 does not 
light, for the same reason that lamp SL 
remains out), 

Completion of call. When the conversa- 
tion is completed, ringing current 1s sent 
over the line by either user. If the call- 
ing station is the one that rings off, relay 
A operates, completing the circuit of the 


recall lamp (fig. 142) through contact 1 
of relay A and contact 5 of relay 4B, 
which has remained in its normal posi- 
tion. Similarly, if the called station 
rings off, relay D operates, completing 
the circuit of the recall lamp in the same 
way. The lighting of the recall lamp 
signals the operator that the eall is fin- 
ished, so that he can remove the plugs 
from the line jacks, thus restoring the 
cord ciremt to its normal condition. 
d. Connection B elween i Common- Bat te ry an d 
a Local-Battery Line. The operation of the yni- 
versal cord circuit between a common-battery line 
and station and a local-battery line and stati. 
either direction also can be traced by re 
figure 142, 

(1) Call from conumon-battery stat Fr 
local-battery station. Whey 
made from a common-battery gi 
n local-battery station, the oper 
the answer-cord circuit is identical with 
that described in 4(1) above. The con- 
nection is completed to the local-battery 
station in the manner described in o(2) 
above. 
Call from local -battery station 
mon-battery station. 


ation mM 
ference to 


to 
call is 
ation te 
ation of 


(2) fa cam- 
When a call orioi- 
nates at a local-battery station, Pia 
operation of the answer-cord circuit is 
identical with that described in e(1) 
above. ‘The connection is completed to 
the common-battery station in the man- 
ner deseribed in b(2) above. Referring 
to hgure 142, the reader should trace the 
progress of a call from a colmon- 
battery station to a local-batteyy Sfats 
and vice yersa, This will ee ae 
excellent means of reviewino the opera. 
tion of the universal cord ages 
112. Sequence of Operation of Major Switch- 
board Circuits 


Still more cireuits are required to complete the 
presentation of common-batt ery systems: ringing 
circiuts and systems, so far merely indicated in 
block form; trunk clrenits: various auxiliary cir 
cuits, such as pilot circuits and night-alarm eir- 
cuits; and multiple switchboards. Before proced- 
ing with these topics, however, all of the major 
circuits so far discussed separately are assembled 
in one diagram (fig. 143), and the progress of a 








eall will be traced step by step, from start to finish. 
Figure 143 shows nine stages in the progress of a 
eall, with the active parts of the cireuit at each 
stage emphasized by heavy lines to facilitate trae- 
ing. At each stage, the entire circuit is repro- 
duced, however, including the circuits of both tele- 
phone sets, both line cireuits (both of the series- 
relay type, as an example), the cord circuit (a 
retardation-coil cord circuit. in this case), and the 
supervisory circuits necessary to enable the oper- 
ator to handle the call. 

a. Normal Condition of All Cirewits. A of fig- 
ure 143, shows the telephone sets and the switch- 
board circuits in their normal condition. Both 
receivers are still on their hooks, the cord cireuit 
is idle, and all lamps and relays are in their un- 
operated condition. 

b, Operation of Line Cireuit No. 1. When the 
person at calling station A removes his receiver 
from the hook, as in B, the hookswitech contacts 
close. Battery Bl (which, of course, is the office 
battery), sends current through the series circuit 
consisting of line relay LR1, the ring side of the 
line, the primary winding of induction coil P, the 
transmitter, and back to ground over the tip side 
of the line. The relay winding is connected to 
the ring side of the line through the ring spring 
contact of line jack LJ1, and the tip spring contact 
of LJ1 returns to ground. Relay LR1 operates, 
closing the cireuit of line lamp LL1, and thus 
lighting the lamp. 

é Operators ex ponse to Laine Signa, The 
operator responds to the line signal by inserting 
the answer plug of an idle cord circuit into the line 
jack, LJ1, associated with the lighted line lamp, 
LU1, as shown in C, figure 143. This spreads the 
springs of the jack, as shown, and breaks the cut- 
off contacts. This, in turn, breaks the circuit of 
rélay LR1, restoring the relay and thereby extin- 
guishing the line lamp LL1. Although battery 
B1 is removed from the line by this operation, 
there is still a d-e path over the line to the trans- 
nutter of station A from the common battery, CB 
(actually the same battery as B1), through the 
windings of supervisory relay SR1 (which also 
acts as a retardation coil), and through the tip 
and ring of the answer cord and plug and line jack 
LJ1,as shown by the heavy linesin C. The eur- 
rent through the windings of supervisory relay 
SK] causes it to operate, breaking the cireuit of 
supervisory Jamp SL1. This keeps lamp SL1 wa- 
lighted at this stage in the operational sequence, 

d. Operator Asks for Number of Called Sta 


tion. ‘The operator now throws the listening lever 
switch, LK, to the listening position, shown in 
D. This connects the operator’s telephone set 
across the cord circuit and enables him to obtain 
the number of the called station from the person 
at station A. The switch may be left in this posi- 
tion until Someone at station Bb eventually answers 
(see e through / below). 

e. Operator Connects to Line Jack of Called 
Station B. Upon receiving the number of the 
called station, B, and if the called line is not busy, 
the operator inserts the ca// plug on the same cord 
cirenit in line jack LJ2 of station B, asin E. This 
breaks the cut-off contacts of the jack, as shown. 
At the same time, since the circuit of supervisory 
relay SR2 is not complete (the hookswitch con- 
tacts at station B are still open), relay SR2 is un- 
operated at this point. The contact therefore is 
closed, and the circuit of supervisory lamp SL2 is 
completed by the contact of the sleeve of the plug 
with the grounded sleeve of line jack LJ2, and 
therefore lamp SL2 lights, as shown. 

}. Operator Rings Called Station LB. Next, the 
operator pulls ringing switch RIX to the ringing 
position, in IF. This connects the ringing gen- 
erator (which may be similar to these deseribed in 
ch. 4) to the tip and ring of the call plug and line 
jack LJ2, and, at the same time, breaks the talking 
path of the call cord. Ringing current, therefore, 
Hows only through the ringer of station B (not 
through either station A or the operator’s tele- 
phone), ‘This signals the called station, and the 
ringing switch is thrown alternately to the ring 
nul tall positions until someone at station B an- 
swers. Note that the circuit of supervisory lamp 
SL2 remains closed during this operation, and 
SLY consequently remains lighted, 

gq. Station B Answers. When someone at sta- 
tion B removes the receiver from the hook, the 
hookswiteh contacts close, as in G. When the 
ringing switch is momentarily in the #a// (nor- 
mal) position, there is completed a series circuit 
from the common battery through the windings 
of supervisory relay SRY, the trp and ring con- 
tacts of the call plug and line jack LJ2, the tip 
and ring sides of the line, and the transmitter 
and primary circuit of station B. Relay SR2 
operates, breaking the circuit of supervisory lamp 
SL2, and extinguishing SL2. This informs the 
operator that station B has answered and that 
ringing need not he continued, and consequently 
he lets the ringing switch remain in its unoperated 
position. 
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Figure 143. Sequence eof operations of major switchboard circuits in a multiple common-battery switchboard. 
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Figure 143—Continued., 
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Figure 145—Continued. 
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h. Conversation Between Stations A and B Pro- 
eeeds, Stations A and B now are connected to 
one another through the cord circuit, in H, and 
the conversation between them proceeds. Of 
course, direct current still is flowing from the 
common battery to the transmitters of both sta- 
tions, but only the fal/king path is emphasized in 
H. Since the listening switch has been restored 
to the normal position, the operator’s telephone is 
disconnected from the cord circuit. While the 
conversation 1s in progress, all the associated 
lamps—LhL1, LL2, SL1, and SL2—are unlighted. 
A lighted supervisory lamp, therefore, will signal 
the operator that the cireuit requires attention, 

i. Cireuit Restored to Normal. When the con- 
versation is completed, both receivers are replaced 
on their hooks, as in I. This breaks the circuit at 
both hookswitch contacts so that no direct current 
flows through either line. Supervisory relays 
SHL and SR2 release, restoring the respective 
armatures to the norma] position and closing the 
contacts, ‘This completes the circuits of both su- 
pervisory lamps SL1 and SLY, causing them to 
light. The operator thus is informed that the 
conversation has been completed, so that he may 
clear the connection by remoying the plugs from 
the respective jacks. The circuit now has been 
restored to its normal condition as in A. The 
reader should trace the operational steps in the 
progress of a call originating at station B. 


113. Summary of Switchboard Circuits 


a. Relays are electrically operated switches used 
to control the operation of switchboard circuits. 
They are used in switchboards in conjunction with 
certain line, supervisory, trunk, and auxiliary cir- 
cuits. 

6. Telephone relays may be classified according 
to the number and kinds of windings they contain, 


the number and sequence of contacts they pro- 
vide, and the mechanical features of operation 
they exhibit. 

e. Common-battery line circuits are of three 
veneral types: the series lamp line cirewit which 
uses a lamp connected through the auxiliary con- 
tacts of a cut-off jack; the series relay line circuit 
which includes a relay in addition to the lamp and 
cut-off jack; and the cut-off relay line cireuit which 
substitutes a cut-off relay for the auxiliary con- 
tacts of a cut-off jack. All line circuits are de- 
signed to provide an automatic line lamp signal 
when the hookswitch contacts at the calling sta- 
tion are closed by removing the handset from the 
hook. 

d. Cord circuits in common-battery switch- 
boards are designed to prevent the branch contain- 
ing the common battery from shorting out the re- 
ceiver of the listening station. This is done by 
using retardation coils in a retardation-coil cord 
circuit, or by using repeating coils in a repeating- 
coil cord circuit. In the former, relays are used 
as retardation coils to provide automatic super- 
visory signals; in the latter, separate relays, 
called supervisory relays, must be used. 

e. Supervisory lamps are extinguished auto- 
matically at the proper time in one of two ways; 
opening the cireuit of the lamp by the operation of 
the supervisory relay, or shunting the lamp with 
a resistor of much smaller resistance than the 
lamp. ‘The latter method has the advantage of 
keeping the lamp filament warm, although extin- 
euished, so that if lights more rapidly when re- 
quired, 

/. \ universal cord circuit is supplied in some 
switchboards to accommodate both common- 
battery and local-battery lnes. It can be used to 
interconnect two common-battery lines, two local- 
battery lines, or one common-battery line and one 
local-battery line in either direction. 


Section Ill. RINGING IN COMMON-BATTERY SYSTEMS 


114, Single-Party Ringing 


a. Vhe signaling of a called telephone is effected 
in much the same way in common-battery systems 
a8 in local battery systems, so Jong as there is only 
one telephone on each line. Each telephone set 
contains a ringer (par. 53) which operates when 
connected to 20-cycle ringing current. This cur- 
rent is supplied by a centrally located ringing 
machine, which may be similar to those described 
in chapter 4. The operator can connect the ring- 


ing machine to the called telephone line by throw- 
ing the ringing switch (RK, fig. 143) associated 
with the cord circuit in use. Ringing current 
flows only so long as the ringing switch is held 
in the ringing position. 

b, The ringing circuit of a common-battery tele- 
phone set. differs shghtly from that of a local- 
battery set. In a local-battery set (fig. 74) the 
ringer is connected across the line, and the capaci- 
tor is in series with the receiver, where it serves 
to reduce the low-frequency ringing current flow- 
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ing to the receiver. In a common-battery set, the 
capacitor is in series with the ringer, and the com- 
bination is connected across the line. 

ce. Common-battery switchboards (fig. 113) may 
be equipped with hand generators like those used 
in local-battery systems (par. 51), but these are 
only for emergency use. 


115. Party-Line Ringing Systems 


The simple rmging system described im the pre- 
ceding paragraph is feasible only when each tele- 
phone station has exclusive use of the line con- 
necting it to the central switchboard. However, 
under certain conditions, two or more telephone 
stations often are connected to the same line, In 
such a case, the rmging system must make it pos- 
sible for the ringing signal to indicate which of 
the several stations on the line is called—prefer- 
ably without the others even hearing the signal. 

a. Party Lines. The term party line generally 
is used, in both commercial and military telephone 
systems, when referring to a telephone line to 
which two or more telephone stations are con- 
nected. In such a case, although each station on 
the line can listen to any conversation taking place 
over the line, the line is available to only one sta- 
tion at a time for the purpose of initiating or re- 
ceiving calls, Usually the number of stations con- 
nected to the same line is indicated by calling it a 
two-party line or a four-party \ine, as the case 
may be, Party lines are not confined to common- 
battery systems but, since the larger and busier 
systems are often common-battery, it 1s here that 
the need for party lines is encountered most fre- 
quently and the expense of the better ringing sys- 
tems more often is justified, Unless one of several 
special arrangements described in this section is 
used, the ringers of all the stations on the line, each 
in series with ifs capacitor, are connected im par- 
allel with each other, across the line. If ringing 
current is sent over such a line, it causes the ringers 
of all stations on the line to ring at the same time. 

b. Code Ringing. One method for signaling 
the individual stations connected on the same line 
is called code ringing. Each station is assigned a 
code signal, such as one ring or two rings, and the 
person at any individual station responds only 
when he hears the correct number of rings. How- 
ever, although code ringing is used in local-battery 
party lines, out of necessity, it has certain disad- 
vantages. First, the person at each station must 
listen whenever the line is rung in order to deter- 
mine whether he is being called, which is annoy- 
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ing. Also, nothing except a sense of honor pe 
vents a person from listening mm to me Hee 
tion of any of the other stations on the same line 
For these ‘Teasons, code ringing seldom 1s used © 
common-battery party lines. = | 
ce. Lock-Out System. A lock-out ayaa as 
name implies, makes a party line available to onl 
one station at a time. Not only 1s the called i 
tion the only one to hear its own ringmg signal, 
but the other stations are disconnected from ns 
line when that station is making a call, This tay 
tem, therefore, insures privacy nicl secrecy, and i 
is used extensively in European and other ee 
eountries for that purpose. In general, the initt® 
and maintenance costs involved in the lock-out 
system are too oreat to make it applicable Lo part) 4] 
line ringing. we | 
d. Selective Ringing: Ringing on common-bit® 
tery party lines generally is accomplished by ch | 


one of several systems of seleeteve ringing. 
u system provides for the signaling of oly és 
station of a party line at a time, the ringers of : 
other stations remaining silent. Tt does not alors 
as much secrecy as the lock-out system, but " i 
much superior In this respect Lo code ee 
One great advantage of a selective ringing SV sit : | 
is that it requires only minor changes ™m HS te 
ment. of the telephone stations, ancl only httle ac 
ditional equipment at the cent ral othee. wa 
ceeding paragraphs will discuss three comm 











; ‘ . : air ; 48 veal 
evystems of selective ringing: ringing te grom . 
a ‘ : yyw if 
pinging with pulsating current, anal harmar 
Pinging. 


116. Ringing to Ground 


a, Lrrandgem enti of [eingers. Ie none Ig eround 
is used on ‘two-pi riy lines and derives its nawee 
from the manner in which the two rmnbgers ary 
connected inthe system. In a one-party Ine. such 
as the one illustrated in figure 148, the rmgety ™ 
series with its capacitor, 1s connected between ms 
tip and ring sides of the line. igure 144 i 
the arrangement of the two nngers ina syst eng | 
ringing to ground. One ringer, RG, mm A 
with its capacitor, is shown connect ed ei ; 
tip side of the line and ground, and the a : 
ringer, RG2, in series with ifs capacitor, betwee! 
the ring side of the line and ground. 
h. Operation oy Ringing Cireurt. aad 
(1) Figure 144 also shows the arranges” 
of the ringing generator and two ring 
switches, A and B, in relation to the tw" 


(2) 


(3) 
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Figure 144. Arrangement for ringing to ground on a tivo-party line, 


ringers. The ringing generator supplies 
20-cycle alternating ringing current. 
One terminal of the ringing generator, 
the lower ringing contact of switch A, 
and the upper ringing contact of switch 
B are connected to ground. The other 
terminal of the ringing generator, the 
upper ringing contact of switch A, and 
the lower ringing contact of switch B are 
connected to a common tie point. This 
arrangement permits the operator to se- 
lect which of the two ringers is to be 
energized, 

Now assume that the call plug is inserted 
in the line jack, preparatory to ringing 
one of the stations. When switch A is 
thrown to the ringing position (fig. 144) 
but switch B is left in the ¢a/hing posi- 
tion (as shown) the ungrounded side of 
the ringing generator is connected to the 
tip side of the line (through the upper 
contact of switch B and the tip of the 
plug and jack), and ground is placed on 
the ving side of the line (through the 
lower contact of switch B and the ring of 
the plug and jack), Since ringer RG1 is 
connected through its capacitor between 
the tip side of the line and ground, the 
generator is connected across RG1 and 
its capacitor, and consequently RG1 
rings. 

Now, if the operator wishes to ring the 
other station, he restores switch A (fig. 
144) to the talking position and throws 


This 


switch B to the ringing position. 


(4) 


connects the ungrounded side of the ring- 
Ing generator to the 77ng side of the line 
(through the lower ringing contact of 
switch B and the ring of the plug and 
jack), and ground is placed on the tip 
side of the line (through the upper ring- 
ing contact of switch B and the tip of 
the plug and jack). This connects ringer 
RG2 in series with its capacitor across 
the ringing generator, and therefore RG2 
rings. 

With this arrangement, consequently, 
only one ringer at a time is energized. 
When RG1 is energized, RG2 is shorted, 
since both ends of the series cirenit are 
erounded; also, when RG2 js energized, 
RG1 is shorted. When both ringing 
switches are in the normal (talking) posi- 
tion, the two conductors of the call cord, 
Li and L2, are connected through the 
upper and lower normal contacts of 
switches A and B, respectively, and the 
tip and rng of the plug and jack are 
connected to tip and ring of the line. 
Ringing to ground generally is used on 
military party limes for emergency or 
temporary service, . 


117. Ringing with Pulsating Current 


a. Biased Ringer. 
(1) Before discussing the operation of the 


system of ringing with pulsating current 
(alternating current plus direct current), 
the theory of operation of the special 
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ringer that makes the system possible first 
must be understood. This ringer 1s 
called a biased ringer (fig. 145). Itisa 
polarized ringer, similar to the one cle- 
scribed in paragraph 53, but contains an 
adjustable biasing spring attached to one 


CLAPPER 







YOKE 
SPRING 
ADJUSTING 
SCREW 
COIL Cl- COIL c2 
SING 
IRON CORE SPRING 
ARMATURE 


Figure 1.46, 


148 


(3) 





TM 678-345 


Structure and operittion of biased ringer. 


end of thearmature. The biasing spring 
is adjusted by means of the spring- 
adjusting serew to keep the armature nor- 
mally in a definite position. Thus, with 
the spring attached to the right side of 
the armature and extending upward to 
the adjusting screw, as in the figure, the 
clapper (or tapper) rests close to gong 
G1 in the normal position. 

Now assume that pulsating direct cur- 
rent, which flows in only ene direction 
but varies in amplitude because of its al- 
ternating component, is flowing in coils 
Cl and C2 in the direction indicated by 
the arrows on the wires of the coils. Since 
the current is always in the same direc- 
tion, the magnetic flux in each core is al- 
ways in the same direction, as shown by 
polarity markings S1 and N1 in coil Cl, 
and N2 and $2 in coil C2. Both ends 
of the armature are always sewth mag- 
netic poles, because of the position of the 


armature in relation to the permanent 


magnet. 

During the portion of the cycle when the 
current is small, the upward pull exerted 
by the biasing spring on the right side of 
the armature (fig. 145) is greater than 
the combined upward pull exerted by the 
electromagnet (coil C1) on the left side 


(4) 


(fy) 


(6) 


b, Operation of 1 ‘wo-Party Ringing S 


of the armature and the downward push 
af coil S2; the clapper therefore remains 
in the position shown on the drawing. 
As the current increases, the electromag- 
netic forces increase, until eventually 
they become greater than the pull of the 
spring, causing the left side of the arma- 
ture to move upward and the clapper to 
strike gong G2. 

After reaching its maximum value, the 
current starts to decrease. The forces 
acting on the armature become weaker, 
and the clapper eventually moves back 
and strikes gong G1 again. Thus, as the 
current alternately increases and de- 
creases around its average (direct com po- 
nent) value, the clapper strikes gongs G2 
and G1 alternately, 

If pulsating current is passe, 
tJ he coils of the ri nger in the o pposite 
direction, 1ron cores Cl and (9 are mag 
netized with polarities opposite to these 
shown in the figure. Thus, the eee 
end of coil C2 becomes 9 north Bole and 
attracts the right end of the ai...4... 
aiding the biasing spring, Dia ae 
in spite of the fhictuations in the me 
since only its magnitude changes whereas 
its direction Is always such gc to aid the 
spring. The clapper therefoyo is held 
stationary and the ringer does Tot ine 
Ie two ringers of this kind are biased 7 
opposite directions, a pulsating ( 
in one direction will operate one ringer, 
and a pulsating current in the opposite 
direction will operate the other, There- 
fore, i some means for changing the di- 
rection of the current, is provided, the 
ringers will operate independently of 
each other, providing a means of twee 
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ystem. 
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(1) Pigure 146 shows the urangvement for 


accomplishing two-party ringing with 
pulsating current, Ringers RG1 and 
RG2 are connected similarly, each having 
one terminal connected to the ¢ip side of 
the line and the other connected to 
ground. ‘The two ringers are biased in 
opposite directions, so that RG1 responds 
to pulsating current flowing from tip to 
ground, and RG2 to pulsating current 








(2) 


(3) 
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Figure DAG. 


from ground to tip, as indicated by the 
polarity signs (fig. 146). No capacitors 
are used with the ringers. 

Two ringing generators, G1 and G2, with 
opposite polarity, and two ringing 
switches, A and B, are used in the system. 
Each generator supplies 20-eycle pulsat- 
ing direct current. If the call cord is in- 
serted in the line jack, and ringing switch 
A is thrown to the ringing position, the 
ungrounded (negative) side of generator 
G1 is connected to the tip side of the line 
through the upper ringing contact of 
switch A, the upper normal contact of 
switch B, and the tip of the call plug and 
jack. The grounded side of G1 is con- 
nected to the ring side of the line through 
the grounded lower ringing contact of 
switch A, the lower normal contact of 
switch B, and the ring of the plug and 
jack. Generator G1 therefore sends pul- 
sating current down through beth ring- 
ers, from tip to ground. However, since 
only RG1 has been biased to respond to 
current in this direction, only RG1 oper- 
ates during this time, 

When switch A is restored to its normal 
position, and switch B, instead, is thrown 
to the ringing position, the ungrounded 
(positive) terminal of ringing generator 
G2 is connected to the tip side of the line 
through the upper ringing contact of 
switch B and the tip of the plug and jack. 
The grounded side of G2 is connected to 
the ring side of the line through the 
grounded lower ringing contact of switch 
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Ticd-party ringing with pulsating current. 


B and the ring of the plug and jack. 
Generator G2 therefore sends pulsating 
current wp through both ringers, from 
ground to tip. Since only RG2 has been 
biased to respond to current in this direc- 
tion, only RG2 operates. Note that the 
ring side of the line is grounded when 
either ringing switch is manipulated. 
Also, the portion of the cord circuit to 
the deft of the ringing switches remains 
disconnected from the line during ring- 

ing. 
ce. Limitations of Ringing with Pulsating Cur- 
rent. As explained above, both ringers of a two- 
party ringing system using pulsating current are 
connected between the tp side of the line and 
ground. Since pulsating current has a d-c com- 
ponent, capacitors cannot be connected in series 
with the ringers because a capacitor blocks direct 
current. This makes the extension of this system 
to fowr-party ringing impractical (unless certain 
changes are made), since the two additional 
biased ringers would have to be connected between 
the ving side of the line and ground. But, in a 
common-battery system, connecting a ringer with- 
out a series capacitor between the ring side of the 
line and ground furnishes a complete d-e path for 
the line lamp (fig. 127) or line relay (fig. 128) 
when the plug is owt of the jack, regardless of 
whether the hookswiteh contacts at the station are 
open or closed. This would cause the line lamps 
io be lighted permanently and therefore would 
prevent a user from signaling the operator when 
a call is to be made. For this reason, four-party 
ringing by this method is applicable only to local- 
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battery systems. In this application, the arrange- 
ment of the rmging switches must be changed to 
avoid grounding the ring side of the line, because 
this would short out the ringers connected between 
the ring side of the line and ground. 


118. Four-Party Ringing, Using Relays and 
Pulsating Current 


a. Arrangement of Ringers for Four-Party 
Ringing. A ringing system which is used com- 
mercially for four-party ringing with pulsating 
current is shown in figure 147, Essentially, it 
combines the principles of the two systems de- 
sevibed in paragraphs 116 and 117. In this sys- 
tem, the four telephone stations which constitute 
the four-party line are connected between tip and 
ring of the line. The telephone set at each station 
contains a relay which is connected in series with 
a capacitor between tip and ring of the line, as 
shown. ‘The relay operates on 20-cycle ringing 
current, and has a single make contact. All 
ringers are of the biased type described in the 
preceding paragraph. Ringers RG1 and RG2 are 
connected between the ring side of the line and the 
armature spring of their respective relays, and 
ringers RG3 and RG4 are connected between the 
tip side of the line and the make contact of their 
respective relays, as shown, Also, the ringers are 
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biased so that ringers RG1L and RG3 respond to 
pulsating current in one direction, and ringers 
RG2 and RG4 respond to pulsating current in the 
opposite direction, as indicated by the polarity 
markings at the ringer symbols. 

b. Ringing a Selected Station. 

(1) ‘Phe ringing switches associated with this 
selective ringing system (fig. 147) con- 
sist of a nwIstey switch, 5, Anecl four 
plunger switches, designated J, M, R. 
and W. The letters indicate the particu- 
lar st ation that can be signaled when a 
specific plunger switch is operated. The 
mechanical arrangement of the plunger 
switches is such that only one switch can 
be operated at a time; onee placed in the 
operated position, it remains there until 
another plunger switch is operated, when 
it is released automatically, 

(2) Master switch S is shown in the draw- 
ing in its normal position; it must be in 
the operated position when a ny 
the line is to be signaled, 
+ + , , 7 3 — chs 4 : " . 5; 
ees oe that the w ndings of all 
four station relays are connec 

ir stat ys are connected, each in 
series with a capacitor, ACrOSS the py 
ee NPR iy _ ve TIng 
(R) and tip (T) of the line. a4, 
ae » and that 
operation of the master switeh Soe 
; ’ es hy ; e 
nects the 20-cycle, a-e venepaten fr: 
a! 5 & ler tor (3 Across 
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(4) 


the line. Since the station relays oper- 
ate on alternating current, all four relays 
will operate when switch § is operated. 
The figure also shows that a minus (—) 
or plus (+) symbol appears adjacent to 
the ringer in each of the four stations. 
These symbols are used to indicate the 
polarity of the ringing current to which 
the particular ringer will respond. ‘The 
plus (+) symbol af station J, for exam- 
ple, indicates that its ringer will respond 
when # current of positive polarity flows 
from the ring (R) side of the line, 
through the ringer coils and the operated 
(closed) contacts of the station relay to 
ground, The eireuit that will provide 
this ringing medium starts at the un- 
grounded (+) side of ringing generator 
(72, operated contacts of plunger switch 
J, lower, operated contacts of switch §. 
ring (R) side of the line (the eall cord 
plug is assumed connected to the line 
jack), windings of station J ringer coils, 
operated contacts of the station relay to 
ground, and returns to the grounded side 
of generator GZ. The ringer at station 
M also is connected between the ring side 
of the line and ground, but im a manner 
such that it will not respond to a current 
of positive polarity. However, station 
M will respond if plunger switch M is 
operated. Operating switch M will re- 
store switch .J antomatically and connect 
the ungrounded (—) side of generator 
G1 to the circuit comprising the operated 
contacts of switch M, lower, operated con- 
tacts of switch S, ring (R) side of the 
line, windings of station M ringer coils, 
operated contacts of the station relay to 
ground and back to the grounded side 
of ringine generator Gl. In both in- 
stances, at this time, a ringing current 1s 
flowing in the ringers of both of the sta- 
tions, M and J, and response or no re- 
sponse is determined only by the polarity 
of the current. Similar reasoning can be 
applied to stations R and W. In this 
case, the tip (T) side of the line ts used 
instead of the ring (R) side. 

Each station relay is connected, in series 
with a capacitor, across the rie and tip 
of the line. ‘The capacitor blocks the 
flow of line direct current through the 


relay winding, and thus prevents a per- 
manent line signal when the line is not in 
use. 


119. Four-Party Ringing, Using Gas Tubes 


Figure 148 illustrates a circuit utilizing another 
method of providing four-party selective ringing. 
It is essentially the same circuit as the one in 
figure 147, but it uses co/d-cathode gas-filled tubes 
in place of the relays. As will be shown, this 
eliminates the need for series capacitors, as well 
as for the third generator used for energizing the 
relays in the system of figure 147. ‘The arrange- 
ment of the master ringing switch, the plunger 
switches, and the two pulsating-current generators 
is identical with that in figure 147. 

a. Principles of Gas Tubes. Before discussing 
the operation of the system shown in figure 148, 
it is necessary to understand the structure and 
operation of a gas tube. It consists of a glass 
bulb or an envelope filled with an inert gas, such 
as neon or argon, and contains three electrodes— 
an anode, a control anode, and a cold cathode— 
the symbols of which are designated in figure 148. 
When a potential of 75 volts (this voltage varies 
with the particular type of tube used) is applied 
between cathode and control anode, with cathode 
negative, the gas in the tube is zenzzed into posi- 
tively and negatively charged particles, and the 
tube conducts current from cathode to anode. 
Current can flow en/y from cathode to anode, and 
only when the anode is positive with respect to 
the cathode. 

h, Operation af System with Gas Tubes. 

(1) The relation of the four rmgers to their 
respective gas tubes is shown in figure 
148. One terminal of each ringer is con- 
nected to the anode of its associated tube: 
the other terminal is connected to the 
control anode through a 150,000-ohm re- 
sistor, the function of which is to lmit 
the current flowing from cathode to con- 
trol anode, When proper conditions 
exist, the tubes associated with ringers 
RG1 and RG2 conduct current through 
the ringers fo ground, from the tip and 
ring sides of the line, respectively. 
Similarly, the tubes associated with 
ringers RG3 and RG4 conduct current 
from eround through the ringers to the 
tip and ring sides of the line, respectively. 
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Figure 148. Four-party ringing with pulsating current, weing gas tubes, 


(2) When signaling station W, the call plug 


will be in the line jack, and master switch 
S and plunger switch W both will be in 
the operated position. This condition 
establishes a circuit from the minus (—) 
terminal of ringing generator G1, op- 
erated contacts of switch W, operated 
contacts of switch S and the tip side of 
the line to the eathode of station W tube. 
At the same time, the plus (+) terminal 
of generator G1 is connected through 
ground and the 150,000-ohm resistance to 
the control anode of the same tube, 
thereby placing a positive potential on 
that element; also, a potential of similar 
polarity is placed on the anode of the 
tube through the ringer coils. When the 
applied potential rises to approximately 
75 volts, the gas within the tube zonizes, 
thus establishing conducting paths be- 
Cween the cathode and the control anode 
and between the cathode and the anode. 
Current will flow through the 150,000- 
ohm resistor and through the ringer to 
ground. ‘These currents will flow and 
the ringer will operate until the applied 


voltage falls below APProximately 60 
volts. At this potential, ionization iadise 
continued and therefore current flow is 
cut off. Cut-off will continne until the 
applied potential again reaches approxi- 
mately 75 volts and another cycle is be- 
gun. Since direct current Aire in the 
ringer coils, the ringer armature will 
change its position in relation to the coil 
cones and will remain in the new position 
as long as the current flows. When the 
current is cut off, the tensioned ringer 
biasing spring pulls the armature back 
to its original position. This armature 
moveme.t causes the clapper ball to strike 
the two ringer gongs alternately each 
time the current flows. The frequency at 
which the applied potential rises to 75 
volts and then falls below 60 volts is 20 
times per second, which, of course. is the 
frequency of the vinging generator 
voltage, 

Reference to figure 148 shows the ringer 
equipment for station W to be connected 
between the tip side of the line and 
ground. But station R also is connected 





to the same points. The ringer at station 
R will not ring because its tube will not 
ionize, since, al the time, Station W is 
being signaled, a negative potential is 
connected to the anodes of the R tube and, 
as explained above, tube ionization takes 
place only when the anode potential is 
positive in relation to the cathode. 

(4) Similar reasoning applied to stations J 
and M explains selective ringing between 
those two stations. Stations J and M 
are connected between the ring side of the 
line and ground and are signaled from 
ringing generator G2. 

(5) The use of gas tubes gives the four-party 
selective ringing system certain advan- 
tages not obtained with relays. The 
tubes require little or no maintenance, 
and operate satisfactorily for a long pe- 
riod of time. Also, since capacitors are 
not needed, and since the tubes are much 
smaller in size than relays, the telephone 
set can be made more compact. 


120. Harmonic Ringing 


a. Type of Ringer Used in Harmonic Ringing. 
Harmonie ringing is « third method of providing 
four-party selective ringing. The ringer asso- 
ciated with this system is of different design from 
the biased ringer discussed previously. The ar- 
mature, instead of being pivoted so that it can ro- 
tate about its center, is moved by a spring on the 
cjJapper rod—actually a reed which vibrates at 
some natural vibration frequency. The clappers 
in the four ringers used on a four-party line are 
made to have different weights, so that all of their 
vibration frequencies are different. 

b. Ringing Machine Used in Harmonie Ring- 
ing, 

(1) The ringing machine or generator used 
in harmonic ringing is designed to pro- 
vide alternating currents of four differ- 
ent frequencies. The most commonly 
used frequencies are 1624, 3314, 50, and 
6624 cycles (respectively, the fundamen- 
tal, second, third, and fourth harmonics 
of 1624 cycles) in one type of generator ; 
or, in another type, 80, 42, 54, and 66 


eycles (the fifth, seventh, ninth, and elev- 
enth harmonies of 6 cycles). The selee- 
tion of the particular frequency for ring- 
ing at any given time is controlled by 
plunger switches similar to those used in 
pulsating-current ringing. Ringing cur- 
rent is sent over tip and ring of the line 
by means of the master switch. 

(2) In this system, all four ringers are con- 
nected directly across the line, between 
tip and ring. As a result, each time the 
line is rung, regardless of the frequency 
used, all of the ringers receive ringing 
current. However, only that ringer 
which is designed to respond to the par- 
ticular frequency will ring each time, the 
others remaining silent. Although this 
system is used commercially, its high 
maintenance costs and servicing require- 
ments limit its use in military party lines. 

(3) The system using 30 cycles as its lowest 
frequency is preferred, since it 1s more 
definite in responding only to the proper 
frequency. In the system based on 16% 
cycles, it is possible for ringers timed to 
the higher frequency to respond falsely to 
a lower frequency which is an exact sub- 
multiple of its own frequency. In the 
30- to 66-cycle system, no ringing fre- 
quency is an exact submultiple of any 
other. 


121. Summary of Ringing Systems 


a. Ringing signals may be provided in a 
common-battery system by a centrally located 
ringing generator that is switched into the circuit 
by the operator. 

b. A party line is one to which two or more 
stations are connected. Code ringing may be used 
to signal the stations individually, but selective 
ringing requires special circuits and components. 

c. There are three methods of selective ringing : 
ringing to ground, ringing with pulsating current, 
and harmonic ringing. The first two methods are 
used in military systems. 

d. Ringing with pulsating current requires the 
use of biased ringers. Its use in four-party lines 
requires the addition of relays or gas tubes. 
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Section IV. COMMON-BATTERY TRUNK CIRCUITS 


122. Functions of Trunk Lines and Trunk Cir- 
cuits 


a. The basic function of a trunk line (also re- 
ferred to as a ¢vunk) in a common-battery system 
is exactly the same as in a local-battery system— 
to interconnect two switchboards, either in the 
same central office or in different offices. This is 
necessary to enable a user whose telephone set is 
connected to one switchboard to converse with an- 
other user whose telephone is connected to a dif- 
ferent switchboard. 

b. A trunk circuit serves to connect a trunk 
transmission line to the other circuits of a switch- 
board, Just as a line circuit is used to connect a 
telephone line to the other circuits of a switch- 
board. Thus, every trunk transmission line is con- 
nected to a trunk circuit at each end, one at each 
of two switchboards. The trunk cireuit is termi- 
nated by a jack, into which the operator may plug 
a cord circuit. 

e, Assume that telephone station 1, connected to 
switchboard A, is to be connected to telephone 2, 
connected to switchboard B (fig. 149). The se- 
quence of connections is as follows: telephone set 
1, line 1, line cirewit 1 in switchboard A, a cord 
circuit in switchboard A, trunk circuit in switch- 
board A, the trunk transmission line leading to 
switchboard B, trunk circuit in switchboard B, a 
cord cureuit in switchboard B, line cirenit 2 in 
switchboard B, line 2, and telephone set 2. 

d. In discussing the local-battery system (ch. 
4), it has been explained that the trunk circuit at 
either end of a trunk transmission line is identical 
with the line circuits of a local-battery system. 
This is not true ina common-battery system. Be- 
cause of the; location of the common battery, cer- 
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tain differences are necessary to effect proper 
operation of trunk lines. Tor instance, provision 
is made to insure that the batteries of two inter- 
connected switchboards do not oppose each other, 
Other differences arise because of the signaling 
and supervision requirements involved. 


123. Types of Common-Battery Trunks 


The term ¢rwnk commonly is used interchange- 
ably with frwnk line. As used in this chapter, 
however, it designates an entire trunk system, in- 
cluding both the trunk transmission line and the 
trunk circuits at each end of the line. The term 
trunk cirewt is used to designate only the trunk 
jack and associated equipment at the switehboard. 
Of course, the operation of a trunk is related to 
the type of trunk circuit at each end of the system. 

a. Types of Common-Battery Trunk Cingiate 
Common-battery trunk etreuits may be classified 
as automatic ov ring-down., 

(1) An automatic trunk cirenit is oye that 
provides the switchboard operatoy at the 
called end of the trunk with an aytomatie 
signal when the calling operatoy inserts 
the call plug of his cord cCirenit in. the 
trunk jack at the calling switchboard. 
No other manual operation ig yy 
the part of the calling ope 
the called operator, 


“quired on 
rator to signal 
(2) A ving-down. trunk circuit (again refer- 
ring to the trunk circuit at the called 
switchboard) is one in which the calling 
operator must ring the ealled operator, 
after inserting the plug in his trunk jack, 
This requires an additional] operation on 
the part of the calling operator, 
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Figure 149. Simple telephone sustem with trunk, block diagram, 
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b, Types of € Tommon-Battery Trunks, Trunks 
may be classified according to whether signaling 
(automatic or ring-down) ts possible in one or 
both directions, and according to the equipment 
which the trunks interconnect. 

(1) A one-way trmk is one in which the 
trunk cireuit at only ove end is equipped 
with a signal, either automatic or ring- 
down, the other having simply a trunk 
jack. Such a trunk can be used only for 
receiving calls at the end equipped with 
a signal, and only for sending calls at the 
other end. It usually is called an ovt- 
gomg trunk for the switchboard where 
only a trunk jack appears. 

(2) A two-way trunk is one in which either 
switchboard may initiate or receive calls. 
Two-way trunks may be automatic both 
ways (an automatic trunk circuit at both 
ends), ring-down both ways, or automatic 
one way and ring-down the other way. 

(3) On large switchboards, trunks may be 
used (o interconnect one position (par. 
129) with another. They are called 
interposition triks, and they resemble 
those used to interconnect two switch- 
boards. 


124. Two-Way Ring-Down Trunk 


Associated with each trunk cireuit in a switeh- 
hoard isa frunk jack, similar to the line jacks asso- 
ciated with line circuits, and a trunk signal. The 
trunk: signal serves the same purpose in the trunk 
circuit asa line lamp inalamp cireuit. The trunk 
signal may be either a lamp signal ora drop signal, 
(For the structure and operation of drop signals, 
refer to par. 67.) Both trunk jacks and trunk 
signals are located on the front panel of the switeh- 
board, usnally apart from the line jacks and lamps. 

a. Trunk Cireuits with Drop Signals. 

(1) Figure 150 shows the schematic diagram 
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of a two-way ring-down trunk in which 
the trunk circuits at both ends of the line 
are provided with drvep signals, Each 
trunk jack is a cut-off jack, and the drop 
is connected in series with a capacitor to 
the auxiliary contacts of the jack. <As- 
sume that the operator at switchboard A 
wishes to call switchboard B. To sig- 
nal the operator of switchboard Bb, opera- 
tor A inserts the call plug of his cord 
circuit (the one normally used in answer- 
ing the calling station) in the trunk jack 
corresponding with the trunk to switch- 
board B. This separates the springs of 
the jack, and disconnects the drop at 
switchboard A from the line. Operator 
A then sends ringing current over the 
trunk line (tip and ring) to energize the 
drop of the trunk circuit at switchboard 
B. The drop shutter falls, notifying 
operator B of a call coming in from AA, 
When operator B inserts the answer 
plug of an idle cord circuit in his trunk 
jack in answer to the drop signal, the 
separation of the jack springs removes 
the drop from the line, permitting its 
restoration to the normal position. 
Operator B then can receive the number 
of the ealled station from operator A, as 
though he were answering a calling sta- 
tion connected to the same switchboard, 
and complete the call in the usual 
manner. 

The capacitor (fig. 150) 1s connected im 
series with the drop winding to prevent 
the flow of direct current over the trunk 
until the called operator answers. This 
keeps the supervisory relay in the cord 
circuit of the calling switchboard wn- 
operated (pars. 108 to 110) and the super- 
visory lamp /ighted, until the called 
operaror answer's. 
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Figure 160. Toice-way ring-down thank, wet drop simnals, 
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(3) 


(4) 


A reversal of the trunk line is shown in 
figure 150. ‘This connects the tip of one 
jack to the ring of the other, and vice 
versa. If this were not done in a com- 
mon-battery trunk of this type, when 
both plugs were in their respective trunk 
jacks the batteries at the two switch- 
boards would be connected to the trunk 
line, through their respective cord cir- 
cuits, with the same polarity, and thus 
would oppose each other. ‘This would 
reduce the direct current through the 
supervisory relays to such an extent that 
they would not operate. As it is, with 
the reversal of the trunk line as shown, 
the two batteries are effectively in serzes 
so far as the supervisory circuits are con- 
cerned, permitting proper supervision. 
The reader can verify this statement by 
assuming any type of common-battery 
cord circuit to be connected to both ends 
of the trunk in figure 150, and tracing the 
d-¢ path through the supervisory relays. 
Although the reversal of the trunk line, 
as explained above, insures proper opera- 
tion of the supervisory cireuits, it has 
certain disadvantages. On short trunks, 
since the total voltage of the two batteries 
mM series is approximately 48 volts, the 
direct current through the cord circuits 
is approximately twice as great as when 
one battery is involved, and the current 
rating of the components in the cord 
circuits must be higher. J*urthermore, 
because each switchboard has its own 


ground point, there are two grounds of 
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different potential as far as the trunik lime 
is concerned, tending to produce noise on 
the line. This effect is explained more 
fully in paragraph 186. 


6. Lrunk Circuits with Lamp Signals, 
(1) Figure 151 shows a trunk similar to that 


of figure 150, but with the trunk cireuits 
provided with /amp signals instead of 
drop signals. Instead of the ring-down 
drop, a ving-down relay is connected 
through a capacitor to the auxiliary con- 
tacts of each jack. An additional wind: 
ing, ralled a holding winding, is wound 
on the same core,as shown, The purpose 
of this winding, as will be shown, is to 
keep the ring-down relay ope rated—and 
the signal lamp lighted—until the trunk 
call is answered. <A. cut-off relay is con- 
nected between the sleeve of each trunk 
jack and ground, and a signal lamp is 
connected between the negative terminal 
of the battery (to which the armature 
spring of the cut-off relay also is eon- 
nected) and the make contact, of the ring. 
down relay, 
When the operator aL alin ge switcla- 
board A sends ringing current over the 
trunk, the ring-down relay of the trunk 
circuit at called switchboard B js ener- 
vized, It operates, completing the circuit 
of the trunk lamp and ighting the lamp 
at the called switchboard. At the sake 
time, since the holding Winding of, the 
ring-down relay is in parallel with the 
lamp (when the armature of the cut-o4l 
relay is in the unoperated position 
shown), it 1s energized by direct eurrent 
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Two-way ring-down trunk, using lamp signals. 


and thus keeps the armature of the ring- 
down relay in the make position, even 
when the ringing is stopped. This keeps 
the trunk lamp lighted. 

(3) When the operator at called switchboard 
B inserts the answer plug of an idle cord 
circuit in answer to the lamp signal, the 
separation of the jack springs disconnects 
the main winding of the ring-down relay 
from the line. However, since the hold- 
ing winding would remain energized— 
unless its circuit were broken in some 
way—the lamp would remain lighted. 
This is prevented by the operation of the 
eut-off relay. Its cireuit is completed 
when the called operator inserts lis an- 
swer plug in the trunk jack, because the 
sleeve of the plug is connected to the 
negative terminal of the office battery at 
the called switchboard. The operation 
of the cut-off relay instantly breaks the 
circuit of the holding winding, releasing 
the armature of the ring-down relay and 
extinguishing the trunk lamp. The eall 
is completed by the called operator in 
the usual manner, 


125. Two-Way Automatic Trunk 


Pil 


a. Arrangement of Trunk Cirewts. Figure 152 


trunk circuit. The negative terminal of the bat- 
tery at switchboard A is connected through the 
winding of its trunk relay to the rmg of its trunk 
jack, and through the reversed trunk line to the 
tip of the trunk jack at switchboard B. The 
negative terminal of the battery at switchboard B 
is connected similarly to the ring of its trunk jack 
and fo the tip of the trunk jack at switchboard A, 
Thus, when the trunk is in the normal condition 
(no plugs in the jacks), tip ad ring of both jacks 
are connected to a negative battery terminal 
through a relay winding. 

b. Operation of Trunk. 

(1) When the operator at the calling switch- 
board inserts the call plug of his cord 
circuit in the trunk jack at the calling 
switchboard, the separation of the jack 
springs disconnects from the line the re- 
lay of the trunk cireuit at the callmg 
switchboard. The grounded (positive) 
terminal of the battery at this switch- 
board is connected by the call plug to 
the tip of the calling trunk jack, and, 
because of the trunk line reversal, to the 
ring of the trunk jack at the cadled 
switehboard. This completes the circuit 
of the trunk relay at the called switch- 
board (through the ring cut-off contact 
of the jack). This relay operates, clos- 
ino the circuit of the associated trunk 


lamp, and lighting the lamp. 

(2) When the operator at the called switch- 
board inserts the answer plug of an idle 
cord cirenit in his trunk jack, the separa- 
tion of the jack springs breaks the ring- 


shows the schematic diagram of a simple, two-way 
automatic trunk. The trunk cirenit at each end 
of the system resembles a series-relay /ine cireuit 
(fig. 128), except that the t/p cut-off contact of 
both jacks is vof wired to ground in the automatic 
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Figure 152. Two-way automatic trunk. 


157 


| 
5 

ia 
= 
— 


2423003 





cut-off contact, causing the trunk relay 
to release. This, in turn, breaks the cir- 
cuit of the trunk lamp, extinguishing the 
lamp. 

Instead of the series-relay trunk cireuits 
shown in figure 152, cut-off relay trunk 
circuits (similar to cut-off relay line eir- 
cuits) could be used. Operation is 
equally good with any conventional type 
of trunk cireuit. 


(3) 


126. Automatic One-Way, Ring-Down Other- 
Way Trunk 


a. Arrangement of Trunk Cireuits. Figure 
153 shows the schematic diagram of a trunk in 
which an automatic trunk cireuit is used at switch- 
board A, and a ring-down trunk circuit at switch- 
board B. The automatic trunk circuit is identical 
with that described in paragraph 125 (fig. 152), 
and the ring-down trunk cireuit resembles that 
described in paragraph 124 (fig. 151), except that 
it uses an additional cut-off contact in the trunk 
jack instead of a separate cut-off relay. 

6b. Operation of Trunk. 

(1) When switchboard A is the calling 
switchboard, and the operator at A in- 
serts the call plug in his trunk jack, and 
sends ringing current over the trunk, the 
operation of the trunk cireuit at switch- 
board B (the called switchboard) 1s 
exactly the same as that described in 
paragraph 124. The ring-down relay 1s 








(3) 


the holding winding keeps the relay m 
the operated condition after ringing 1s 
stopped. When the called operator m- 
serts the answer plug of a cord circuit 1n 
his trunk jack, the separation of the jack 
springs breaks the cireuit of the main 
winding of the trunk relay at the two 
ordinary cut-off contacts, and also breaks 
the cireuit of both the trunk lamp and the 
holding winding at the additional break 
contact of the jack, extinguishing the 
lamps. The called operator then com- 
pletes the call in the usual manner. 
When switchboard B (fig, 152) is the 
calling switchboard, and the operator at 
B inserts the call plug in his trunk jack, 
disconnecting the relay and lamp from 
the line, the automatic trunk cireuit at 
switchboard A operates in exactly the 
same manner as that described in para- 
graph 125, 

This type of trunk frequently is used to 
interconnect a military switchboard with 
a commercial switchboard. The trunk 
cireit at the military switchboard is the 
ring-down type, and that at the commer- 
cial switchboard is the automatic type. 
An advantage of this trunk lies in the 
fact that it does not require any special 
equipment at the commercial switeh- 
board, so that calls from the military end 
are handled in exactly the same manner 
as calls from any other station. 
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Automatic one-eay, ring-down other-iway trunk, 








cord circuits at the respective switch- 
boards, as mentioned earlier (par, 
124a(3)). Repeating-coil cord circuits 
generally are used with this type of trunk, 
The automatic trunk circuit could be of 
the cut-off relay type, instead of the 
series-relay type shown in figure 158, and 
it would operate just as well. 


127. Repeating-Coil Trunk Circuit 


In the discussion of the various trunks in the 
preceding paragraphs, if was explained that a re- 
versal of the trunk line was necessary to insure 
proper operation of the supervisory circuits in the 
respective cord circuits, and to permit signaling 
of the called switchboard over automatic trunks. 
But this creates a situation where two different 
grounds appear in a single trunk circuit, causing 
circuit unbalance, especially in so-called noisy 
areas. ‘This, in turn, may cause the trunk to be- 
come unfit for practical operation. A method of 
preventing this type of interference uses a 7epeat- 
ing-coil trunk cirewit, one type of which is illus- 
trated in figure 154, 

a. Structure of Cireuit. The repeating-coil 
trunk cireuit (fig. 154) 1s seen to be more complex 
than any of the trunk circuits discussed previously, 
The additional components, however, insure the 
proper operation of the trunk without necessi- 
tating a reversal of the trunk line. The special 
equipment required, reading from right to left in 
figure 154, includes the following: 
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(1) A special trunk jack, J, with one break 
and one make contact, as shown. 

(2) A repeating coil, wired as shown. The 
1-y»f capacitors are used to make the im- 
pedance of the path between the repeating 
coil windings high to ringing current but 
relatively low to voice-frequency currents. 

(3) A signaling relay, S, to provide super- 
vision at the distant switchboard. 

(4) A single winding relay, H, with one make 
contact, providing a d-e path through the 
circuit for current from the distant 
switchboard. 

(5) A ring-down relay, R, with a holding 
winding and a single make contact. The 
main winding is connected through a 2-pf 
capacitor to block the flow of direct cur- 
rent through the main winding. This 
trunk circuit is therefore a 77ng-down cir- 
cuit, not an automatic one. 

b. Operation of Circuit in Trunk. The bloek 
diagram of figure 155 shows a telephone system 
that includes the telephone sets of stations A and 
B, the line, cord, and trunk cirenits at switch- 
boards A and B, and the trunk transmission line 
between the switchboards. The trunk cireuit of 
switchboard A is an automatic, cut-off relay type, 
and that of switchboard B is the repeating-coil 
trunk circuit shown in figure 154. This trunk, 
therefore, is automatic one way (from switch- 
board B to switchboard A) and ring-down the 
other way (from A to B). The schematic dia- 
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Figure 154, Repeating-coil trunk circuit, 
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gram of the same system is shown in its normal 
condition in figure 156. 

G. Call From Station A to Station B. 
(1) Assume that someone at telephone station 
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A (fig. 156) wants to talk to a person at 


station B. The operator at switchboard 
A receives the line signal (lamp 1) indi- 
cating that the handset of the calling sta- 
tion has been lifted from the hook, and 
he makes connection to the correspond- 
ing line cireuit by inserting the answer 
plug of an idle cord cirewit in the line 
jack. Upon receiving the number of the 
called station in the usual manner, the 
operator inserts the call plug of the same 
cord cireuit (a repeating-coil cord cir- 
cuit in this ease) in the trunk jack at 
his switchboard that is connected by the 
trunk line to switchboard B. 


(2) This operation causes supervisory lamp 3 


(3) 


to light (just as if the operator had 
plugged into the line jack of a called sta- 
tion at the same switchboard), and closes 
the circuit of cut-off relay I. The opera- 
tion of relay E opens the circuit of relay 
I* (both windings), and keeps trunk lamp 
4 unlighted. Supervisory relay D does 
not operate because the d-e path through 
the trunk is open at capacitors C2 and 
C1. This keeps lamp 5 lighted. 


The operator at switchboard A now sends 


ringing current from the ringing gen- 
erator over the trunk by the following 
path: from the generator through the 
tip contacts of the plug and trunk jack, 
T1, over the tip side of the trunk line, 
through contact T2 of flash switch FIK 
(a two-contact lever switch), the upper 
left winding of the repeating coil in the 
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Telephone system with trootk, bloel diagram. 


trunk ecireuit of switchboard B, the up- 
per, normally made contacts of signal- 
ing relay 5. the operating windings ae 
ring-down relay R and capacitor Cl, 
through the lower normally made 
tacts of signaling relay S, the 


COoOn- 
: ; aa lower lett 
winding of the repeating eoj] the nor 
5 a 3 ‘ = 

mally made contacts R2 of the flash kev 
5 * . aR . i , 
returning to the ring side of the trunk 
line. The larger part of the pinoine 
Pee Ro PRT OF the ringing 
current flows in this path, rather than 
through capacitor CY, because the ; 
ance of C2 is very much high, 
a0-eyele ringing frequeney thay, 


mped- 
at the 


2 is the 
combined impedance of capacitor (1 and 


the maim winding of relay R. 
Relay R operates, closing oc eae 
oe Oe iaey ig the d-e cireuit 
of trunk lamp 5 and the holdin wind 
ah welancl a ed , Fk 1: Mi 
ae of re hy ty, 40TN) o hielts and the 
q 3 ‘ * wie ‘ as 
holding w nding keeps relay R operated 
when the ringing is stopped. 
sequent release of relay R now 
control of trunk jack J, 
When the operator at switchboard B cpes 
the trunk signal given by lamp 


The sub- 
is under 


®, he in- 
serts the answer plug of one of his idle 


cord cireuits in trunk jack J. The wines 
ment of the tip spring of the jack breaks 
hin — 1 i. Z x = 
the circuit of both the holding winding 
of relay RK and lamp 5. Relay R re- 
leases and lamp 0 18 extimeuished, At 
the same time, the upper make contact 
of jack J is closed, causing ground to 
be connected through this contact to the 
top of the winding of relay S$. This 
completes the circuit of velay S, causing 
it to operate, and thus completes the d-¢ 
circuit through the winding of relay H 
(from the battery at switchboard A 
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Figure 156. Telephone system with trunk, schematic 
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(7) 


(8) 


through the call cord cireuit of switch- 
board A and the trunk line). 

Since the path of direct current from 
switchboard A to relay EH ineluces the 
winding of supervisory relay D, this re- 
lay now operates, shunting supervisory 
lamp 3 with the 40-ohm resistor, thereby 
extinguishing lamps. At the same time, 
the operation of relay H places the 250- 
ohm resistor in parallel with capacitor 
C3 between the two right-hand wind- 
ings of the repeating coils. 

This provides a complete d-e path from 
the battery at switchboard B through 
the winding of supervisory relay K over 
tip and ring of the answer cord and 
plug and the trunk jack. Relay K op- 
erates, breaking the cireuit of super- 
visory lamp 6 (which otherwise would 
light), and keeping lamp 6 unlighted. 
The operator at switchboard B now can 
obtain the number of the called station 
connected to his switchboard from the 
operator at switchboard A. Operator B 
then can ring station B in the usual man- 
ner. Since the talking cireuit between 
the two switchboards has been estab- 
lished, when station B answers, the con- 
versation between station A and station 
B can take place. When one of the per- 
sons hangs up, the operator at the asso- 
ciated switchboard is signaled in the 
usual manner. He removes plugs from 
the line and trunk jacks at his switch- 
board, restoring all cireuits to the nor- 
mal condition. 


d. Call from Station B to Station A. 
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(1) 


When the call originates at station B 
(fig. 156), the operation is somewhat dif- 
ferent from that. described in ¢ above. 
When station B initiates a call by lifting 
the handset, the operator at switchboard 
B inserts the answer plug in the line jack 
and receives the number of the called 
station. Then the operator inserts the 
call plug of the cord cireuit in trunk 
Jack J. This action causes the upper 
contact of the jack to be made, closing 
the circuit of relay S. The operation of 
relay S closes the d-c path through the 
windings of relay F at switchboard A as 
follows: from the negative terminal of 


(3) 


the battery connected to the right-hand 
winding of relay F through this winding 
and the lower normally made contacts of 
relay E to the ring side of the trunk line: 
over the ring of the trunk line through 
the normally made contacts R28 of the 
flash switch, the lower left winding of 
the repeating coil in the trunk cirenit of 
the switchboard B, and the lower op- 
erated contacts of relay S; through the 
winding of re/ay ZT to the upper operated 
contacts of relay S; through the upper 
left winding of the repeating coil, nor- 
mally made contacts T2 of the flash 
switch, and the tip side of the trunk line 
to the upper normally made contacts of 
relay 2; and through the left-hand wind- 
ing of relay I to ground. Relay F op- 
erates, completing the cireuit of trunk 
lamp 4, and lighting the lamp, 
Although current flows through the 
winding of relay H, the additiong] resist- 
ance of the windings of relay WF peduces 
the current to a ralue too low to operate 
relay H. This prevents Supervisory none 
lay IX from operating, and keeps ae ae 
visory lamp 6 lighted. ee 
When the operator at switchboard A 
plugs into the trunk jack (in answer to 
the signal from trunk lamp 4) cutoff 
relay EZ operates and breaks the cease 
of relay F. However, the common bat- 
tery at switchboard A now sends sufficient 
current through the winding of relay a 
(over tip and ring of the answer cord 
and the trunk line from switchboard A) 
to operate relay H. The operation of re- 
lay H, as explained previously, connects 
the 250-olim resistor in paralle] with ca- 
pacitor C5, completing the circuit of 
supervisory relay IX at switeh| oard B. 
The resulting operation of relay K opens 
the eireuit of supervisory lamp 6, extin- 
gushing it. This signals the operator 
at switchboard B that the operator at 
switchboard A has-answered. 

The call is completed through the cord 
circuit of switchboard A to station A in 
the usual manner, 

When the operator at switehboard A dis- 
connects from the trunk (in answer to the 
signal of supervisory lamp 2, which lights 
when station A hangs up), cut-off relay 





Ie releases, causing the cireuit of relay F 
to be completed again. ‘The additional 
resistance of the windings of relay F 
again reduces the current through the 
winding of relay TH, causing it to restore. 
This breaks the circuit of supervisory re- 
lay KK (by cisconnecting the 250-ohm re- 
sistor) ; hence, relay IC restores, complet- 
ing the circuit of supervisory lamp 6 and 
relighting it. ‘This signals the operator 
at switchboard B that switchboard A has 
disconnected from the trunk, so that he 
‘an clear the circuits at his switchboard. 
(6) When the operator at switchboard B dis- 
connects first, the cireuit of relay $ is 
broken by the removal of the plug from 
jack J. This breaks the d-e path through 
supervisory relay D at switchboard A 
(by restoring the armature of relay 5 to 
its normal position and thus breaking the 
contacts to which the winding of relay H 
is connected). Relay D restores, open- 
ing the path of the 40-ohm resistor, and 
clusing supervisory lamp 3tolght. This 
informs the operator at switchboard A 
that switchboard B has disconnected, so 
that he can clear his switchboard. 


128. Summary of Trunk Circuits 


a, Common-battery systems, like local-battery 
systems, employ trunks to interconnect switch- 
boards in the same or in different central offices. 

b. A trunk line is terminated at each end by a 
trunk eireuit, one in each of the interconnected 
switchboards, ‘Trunk jacks and trunk signals are 
provided on the front panel of the switchboard, 

e. Automatic trunks automatically furnish a 
signal to the called operator. In a ring-down 
trunk, the calling operator must manipulate a 
ringing switch to signal the called operator. 

d, A one-way trunk is one equipped with a trunk 
signal at only one end; it can be used only for re- 
ceiving calls at that end, and only for sending calls 
at the other end. Two-way trunks are equipped 
with signals at both ends, and they can be used 
for initiating or receiving calls at either end. 

e. A reversal of the trunk line is necessary when 
ordinary trunk cirenits are used, so that the two 
office batteries will be connected In series aiding 
for proper operation of the supervisory relays. 
A disadvantage of the reversal is the possibility of 
noise on the line introduced by it. The need for 
the reversal is eliminated by the repeating-coil 
trun eiremit. 


Section V. MULTIPLE COMMON-BATTERY SWITCHBOARDS 


129. Applications of Multiple Switchboards 


a A nonmultiple switchboard is suitable for 
service involving only a limited number of sta- 
tions. The number of lines that can be served by 
such a switchboard is limited by the number of in- 
coming calls that a single operator can handle in 
a given time, and by the number of line jacks that 
the operator can reach. This type of switchboard, 
therefore, is applicable only to small installations, 
where the total load can be handled by one or two 
operators. 

b, When the number of stations to be connected 
to a single oflice 1s too great for two operators to 
handle conveniently, a sultiple switehboard is 
necessary to accommodate the load. In very large 
installations, several multiple switchboards may 
be used in the same office. In such an installation, 
the yarious lines and trunks are interconnected 
between the switchboards, so that each line or 
trunk coming into the oflice is connected to a jack 
in one switchboard, and that jack is connected in 
nvultiple (parallel) with jacks accessible to a num- 


ber of other operators. Each line or trunk ts said 
to appear at several places on the switchboard. 
This enables every operator to answer a fairly 
equal share of the incoming calls, and to complete 
them on any line or trunk connected to the office. 


130. Arrangements of Multiple Switchboards 


a, Arrangement of Jacks. 

(1) A three-position multiple common-bat- 
tery switchboard commonly used m mili- 
tary installations is shown in figure 157. 
Its eeneral appearance is similar to the 
nonmultiple switchboard shown in figure 
113. but there are certain important dif- 
ferences, aside from the obvious fact that 
the multiple switchboard is larger. 
There are three general groups of jacks 
on the front panels of the switchboard. 
The jacks in the lowest group (closest to 
the plug-shelf), to which the incoming 
lines or trunks are connected, have asso- 
ciated signal lamps, as shown. They are 
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called the answering appearances, and are 
distributed over the face of the switch- 
board so that each operator can handle 
his share of incoming calls. 

The jacks in the other two groups, situ- 
ated above the answering appearances, 
are called multiple jachs or multiple ap- 
pearances. They are used for intercon- 
nection between the positions of the same 
switchboard, or between different multi- 
ple switchboards in the same office. The 
multiple jacks usually do not have asso- 
ciated signal lamps. The multiple jacks 
closest to the answering appearances are 


POSITION 
PANEL 






Multiple common-battery switchboard, 


—, 
> 


OPERATOR'S 
TELEPHONE SET 


POSITION 3 


— = = 
=== — 


Se ts 


ies Be Praca en aN rT NS HS y pangs | 


DT 678-3551 


called middle-multiple appearances, and 
those nearest the top of the switchboard 
are called top multiple appearances. 
The answering jacks usually are arranged 
in strips of 10, as in a nonmultiple switch- 
board. An individual removable number 
plate usually is located beside each jack 
to identify the jacks. The numbering 
of the jacks is not consecutive, because 
the lines are regrouped from time to time 
to equalize the load among the operators. 
A. line lamp is associated with each an- 
swering jack (fig. 155). 


(4) The middle multiple appearances eener- 
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Figure 158. Bank of top multiple appearances. 
ally are used for connections to outgoing zontal strips of 10 or 20, and grouped in 
trunks. They are arranged in st rips of vertical banks of five strips, making a 
either 10 or 20, depending on the particu- total of 50 or 100 jacks in each group. 
lar switchboard, and are numbered con- One such bank of 100 jacks is illustrated 
secutively, ‘'o the left of each strip of in figure 158. Each bank has a number 
trunk jacks is a number plate, and above plate in the ste strip (framework) to its 
the jacks is a strip that is used to indicate left, to indicate the number of the bank, 
the distant exchange to which the corre- and is separated from the bank above and 
sponding trunk is connected. below by a narrow strip of wood. The 
(5) The remainder of the face of the switch- strips of jacks are inserted in the panel 
board is devoted to the top multiple ap- from the rear, and are secured in position 
pearances, which are used for completing by disks called jack fasteners. 
calls to stations connected to the same b. Divisions of Multiple Switchboard. 
switchboard. They are arranged in hori- (1) The multiple switchboard can be divided 
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Figure 100, General multiple schenie, 


conveniently into sections, positions, and 
panels, A panel is the smallest subdivi- 
sion of the switchboard equipment, and it 
has the width of a single strip of answer 
jacks. A position usually includes two 
or three panels, and it is intended to be 
handled by one operator <A section usu- 
ally includes three positions, and it has 
one complete appearance of the multiple 
jacks; it is, therefore, the minimum initial 
installation of a multiple switchboard. 
The multiple switchboard shown in figure 
157 has one section with three positions, 
each position consisting of three panels. 


(2) Figure 159 shows the arrangement of the 
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face of a multiple switchboard containing 
several sections, such as those used in 
larger installations. Each section con- 
tains the top multiple jacks associated 
with ad the lines served by the switch- 
board. The maximum ea pacity of each 
section in this arrangement is 7,700 tele- 
phone stations (7 times 11 times 100), 
since each section contains seven panels 
and there are 11 banks of 100 jacks each 
in each panel. Each section is divided 
into three positions to distribute the load 
of each section among three operators. 
The answering jacks are distributed 
among the sections, so that each one ap- 
pears only once on the face of the entire 
switchboard. Note that one pilot lamp 
is provided for each panel of the switch- 
board. (The function of the pilot lamps 
is explained in pars. 137 through 149.) 
This type of panel arrangement is char- 


acteristic of many multiple switchboards 
in military use. 

e. General Multiple Scheme. Figure 160 shows 
the general scheme followed in the interconneec- 
tion of the top multiple, middle multiple, and 
answering appearances on the switchboard, de- 
pending on the size of the installation, In an in- 
stallation using only one multiple switchboard (left 
diagram), all appearances are connected, as shown, 
When two switchboards are used (middle dia- 
eram), the top and middle multiple appearances 
of switchboard No. 1 are connected to the answer- 
ing appearances of switchboard No. 2, and vice 
versa. Inan installation involving three multiple 
switehboards (right diagram), the top multiple 
appearances of switchhoards No. 1, No. 2, and No. 
3 are connected respectively to the middle multi- 
ple appearances of switchboards No, 2, No. 8, and 
No. 1: and the middle multiple appearances of 
switchboards No. 1, No. 2, and No, 3 are connected 
respectively to the answering appearances of 
switchboards No, 2, No. 3, and No, 1, Where 
more than three multiple switchboards are used 10 
a single installation, they are treated as two sets. 


131. Branch Multiple Circuit 


a. Lqupment of Branch Multiple Cireutt. 

(1) Since the cord circuits used in multiple 
switchboards are the same as those used 
in nonmultiple switchboards, and the 
process of completing a call from a call- 
ing station to a called station, except for 
the multiple jack arrangement, is also 
the same, if is not necessary to repeal 





the deseriptions of the operations of the 
cord circuits in establishing a talking 
path between two stations. However, 
there are differences in the structure of 
the dine circuits used in multiple switch- 
boards, and they are discussed here. 

A common-battery line circuit using a 
cut-off relay (par, 101 and fig, 180) may 
be arranged as a branch multiple cireuit, 
as shown in figure 161. The equipment 
of such a circuit may be divided conven- 
iently into five classes, as shown: terminal 
equipment, multiple equipment, answer- 
ing equipment, relay equipment, and 
auxiliary equipment. The terminal 
equipment consists of the MDF (main 
distributing frame), the IDF (inter- 
mediate distributing frame), and asso- 
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clated wiring; it is used for the purpose 
of distributing the incoming lines in an 
orderly manner to the respective line and 
auxilary circuits. These are discussed 
in more detail in chapter 6. 


The multiple equipment consists of the 
various multiple jacks associated with 
the incoming line. The tip, ring, and 
sleeve contacts of the multiple jacks are 
connected individually in parallel, as 
shown, and to corresponding terminals on 
the IDF. Through the IDF, they are 
connected to the corresponding points on 
the answering jack and the cut-off relay. 
The line lamp is connected through an 
additional terminal of the IDI to the 
make contact of the linerelay. When the 
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call plug of a cord cireuit is inserted in 
any one of the multiple jacks, or when 
the answer plug is inserted in the answer- 
ing jack, the line circuit operates in the 
manner as described in paragraph 101. 

(4) The auxiliary equipment 1s common to 
all the lines appearing on the same panel. 
It is discussed in paragraphs 137 through 
149, 

b, Advantages of Branch Multiple Cireuit. The 
branch multiple cireuit is characterized by sim- 
plicity of design, provision for mounting the re- 
lays on a framework outside the switchboard 
cabinet, and considerable flexibility. ‘The system 
makes it possible to connect any answering jack 
and its associated relay equipment to any set of 
multiple jacks by changing a three-wire Jumper 
on the IDF (ch. 6). This makes it possible to 
shift the answering jack from one position to 
another without changing the number of the sta- 
tion associated with the jack, and makes it easy 
to equalize the switchboard load without changing 
the directory listings. 


132. Lamp-Associated Multiple Circuit 


In some multiple arrangements, a line lamp is 
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associated with each multiple jack. Such an ar- 
rangement, shown in figure 162, is called a damp- 
associated multiple circuit. In this circuit, there 
is no separate answering jack, and when a call 
comes in from any line connected to the switch- 
board, all line lamps light simultaneously. The 
first available operator answers the call by plug- 
ving the answer plug of a cord cireuit into the 
multiple, and this extinguishes all the lamps. 
Thus, the lamp-associated multiple arrangement 
insures an automatic distribution of traffic load; 
but it also reduces the capacity of the switchboard, 
increases battery drain, and is likely to result m 
{wo or more operators answering the same call. 
For these reasons, the use of this arrangement 1s 
restricted to small exchanges or offices. 


133. Series Multiple Circuit 


Another type of multiple-jack arrangement is 
the series multiple circuit, shown in figure 163. In 
this system the various multiple jacks are con- 
nected in series with the associated answering ap- 
pearance through the cut-off springs and contacts 
of the jacks. Thus, reading from right to left, it 
can be seen that the tip of the answering jack is 
connected to the tip auxiliary contact of the mid- 
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Figure 162, Lamp-associated multiple circuit. 
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Figure 168, 


dle jack, the tip of the middle jack is connected 
to the tip auxiliary contact of the next jack, and 
so on. Since cut-off jacks are used (instead of 
relays) , to control the operation of the line lamps, 
such an arrangement of the multiple jacks is nee- 
essary to extinguish the associated line lamp when 
a plug is inserted in a multiple jack. In switch- 
boards using this type of multiple arrangement, 
the answering appearance also is used for outgoing 
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calls, because this is the only appearance of the 
line in that position on the switchboard. 


134. Busy-Test Circuit 


Although the arrangement of multiple jacks en- 
ables every operator to reach all the lines connected 
to an oflice for the purpose of completing a con- 
nection, occasionally it may cause confusion. This 
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is because of the possibility of different operators 
making connection with the same line at the same 
time, or of an operator plugging into the multiple 
jack of a line to a station already engaged in a 
telephone conversation. In order to prevent this, 
large switchboards incorporate a busy-test cirenit 
for determining quickly whether a particular line 
is busy. Such a circuit is shown in figure 164. An 
incoming call from a station already has been 
answered by an operator at position 7, who has 
plugged an answer plug into the answering Jack. 
This, of course, has changed the electrical condi- 
tion of all the multiple jacks associated with the 
answering jack. Now, if an operator on another 
position—for example, position 2—is asked to 
make a connection with this line, he first touches 
the tip of the plug of his call cord to the sleeve 
of the multiple jack convenient to his position. If 
1 connection already exists on that line, as shown 
in the figure, he hears a click in the receiver of 
his telephone set. This informs the operator that 
the line is busy, and he does not attempt to com- 
plete the connection, but informs the calling sta- 
tion that the line is busy. Note that the operator’s 
telephone set must be connected across his cord 
circuit to make this test, but this will have been 
done already in answering the calling station to 
determine the number of the called station. 


135. Designations on Multiple Switchboards 


a. Lamp Markings. Yn all types of common- 
battery switchboards, and particularly multiple 
switchboards, various devices are used to assist 
the operator in giving efficient service. Among 
these are lamp caps of different colors, and with 
different markings engraved on the cap and filled 
with opaque paint. They are used on the line 
and trunk lamps to distinguish between various 
classes of service. For example, different colors 
may be used to indicate that certain lines are to 
be given priority; that certains lines are denied 
trunk service; and that certain Jines are used 
only for special services. 

b. Signal Plugs. When lines either are dis- 
connected permanently or are temporarily out of 
service, a signal plug is inserted in the appear- 
ances associated with the line, to prevent an opera- 
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tor from plugging into the jack. ‘The sienal plug 
can. be identified by using different colors, so that 
the operator will be informed why the line is not 
in service. If the number of a telephone station 
has been changed, the new number is marked on 
the signal plug, and the old number is not used 
until a new directory is printed. 

e. Multiple Jack Markings. There are four 
small holes around each multiple jack, so that 
it is possible, by using them in certain combi- 
nations, and with certain colors of paint, to mark 
the jacks to indicate a wide range of service con- 
ditions. In order to mark a series of jacks, any 
one of which is available under the same number, 
a line of selected color is drawn below the entire 
series. 


136. Summary of Multiple Switchboards 


a. Multiple switchboards are used in large com- 
mon-battery installations to increase the number 
of lines that may be serviced by a single opera- 
tor. They are able, therefore, to handle a much 
greater traflic load than can nonmultiple boards. 

6. In multiple switchboards, each line coming 
into the switchboard is connected to an answer- 
ing jack, or appearance, and to several multiple 
jacks. The face of the switchboard is divided 
into panels, positions, and sections. Each section 
contains a complete appearance of the multiple 
jacks, one for each line entering the office. 

e. Each operator handles a certain fraction of 
the incoming calls, since only a fraction of the 
entire number of answering jacks appears at his 
position. Since he can reach the multiple jacks 
of every line entering the office, however, either 
at his own position or at the positions immedi- 
ately adjacent to his, he can complete the call to 
any station connected to the switchboard. 

d. Multiple switehboards may incorporate one 
of several types of multiple arrangements, such 
as branch multiple, lamp-associated multiple, or 
series multiple arrangements. 

e. A busy-test circuit usually is provided on 
larger switchboards to inform an operator whether 
a line is busy before he plugs into the multiple 
jack associated with the line. 














Section VI. AUXILIARY CIRCUITS IN COMMON BATTERY SWITCHBOARDS 


137. Purpose of Auxiliary Circuits 


a. Functions of Auwiliary Circuits. In addi- 
tion to major circuits, such as line, cord, super- 
yisory, trunk, and ringing circuits, common 
battery switchboards, lke local-battery switch- 
boards, are equipped with various auwiliary 
circuits (fig. 165). These circuits assist the 
operator in handling calls promptly, or in other 
ways to make the operation of the switchboard 
more efficient. Some of them provide additional 
signals, either visible or audible, whenever a line 
or supervisory lamp Others provide 
emergency circuits during times when other cir- 
cuits fail function. Still others are in the 
nature of protective devices, and prevent the wires 
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and components of the switchboard from burning 
out when a short circuit occurs. 

b. Types of Auwiliary Circuits. The number 
and types of auxiliary circuits with which a 
switchboard is equipped depend on the type, size, 
and complexity of the switchboard. Practically 
all common-battery switchboards, both non- 
multiple and multiple, include the following types 
of auxiliary circuits: line-pilot circuit, supervi- 
sory-pilot circuit, night-alarm circuit, generator- 
switching circuit, position-transfer cireuit, and 
fuse-alarm circuit. In addition to these circuits, 
nonmultiple switchboards are equipped with a 
battery cut-off circuit. Multiple switchboards, 
being more complex, may also be provided with 
several additional auxiliary circuits, depending 
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on the individual switchboard. ‘The most com- 
monly used auxiliary circuits are explained in the 
paragraphs following. 


138. Line-Pilot Circuit 


. Function of Line-Pilot Cireuwt. During 
per nods of heavy switchboard traffic, the line lamps 
of the line circuits often are ebectined from the 


operator’s attention by the cords (figs. 157 and 
165). Also, during periods of relatively light 


traffic, when the switchboard does not demand the 
operator’s constant attention, he may not notice a 
line signal instantly. In order to bring the line 
signals to the attention of the operator more surely 
and quickly under all conditions of traffic, a /ne- 
pilot cireutt is included in the switchboard. The 
operation of this cireuit, explained below, causes 
a line-pilot lamp to light whenever any of the 
line lamps on the switchboard panel hight. The 
hine-pilot lamp is larger than the line lamps, and it 
is situated conspicuously on the front panel of the 
switchboard, usually near the bottom. 

6b. Operation of Line-Pilot Cireut. YVigure 166 
shows a typical line-pilot circuit. It contains a 
line-pilot relay, connected between the negative 
terminal of the battery and a common wire to 
which one terminal of each line lamp is connected. 
When any /ine relay operates and closes the make 
contact, a series circuit is completed through the 
associated line lamp and the winding of the dine- 
pilot relay. The line lamp lights, and the line- 
pilot relay operates. This, in turn, closes the cir- 
cuit of the line-pilot lamp in series with the wind- 
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LINE-PILOT CIRCUIT 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


NIGHT- ALARM BELL-BUZZER 


ing of a night-alarm relay (the purpose of whith 
is explained in par. 140), causing the line-pilot 
lamp to light. 


139. Supervisory-Pilot Circuit 


a. Hunetion of Supervisory-Pilot Cireuit. The 
supervisory-pilot civeuit is associated with the 
supervisory lamps in the cord cireuits in the man- 
ner in which the line-pilot cireuit (fig. 166) is as- 
sociated with the line lamps. In small switch- 
boards, it usually is associated only with the super- 
visory lamp im the answer cord, whereas in larger 
switchboards if may be associated with both super- 
visory lamps, Like the line-pilot cirenit, the 
supervisory-pilot cireuit is used to give the op- 
erator an additional, more prominent signal dur- 
ing periods when he might not notice the super- 
visory lamps. ‘The signal used in the supervisory- 
pilot cireuit is also a lamp, but usually of 
different color from the line-pilot lamp for easier 
recognition, and it is situated near the line-pilot 
lamp. 

b. Operation of Supervisory-Pilot Circutt. 
Figure 167 shows a typical supervisor y- pilot oir- 
eult associated) with the supervisory lamp in the 
answer cord of a retardation-coil cord cireuit. The 
supervisory lamp, instead of being connected di- 
rectly to the negative terminal of the office hb: attery 
(fie. 140), is connected through the yw incing of a 
super visor y- pilot relay, } nh & Way similar to that in 
which the line-pilot lamp is connected thr ‘ough the 
line-pilot relay. Whenever the associated super- 
visory lamp lights, the superv isory-pilot relay 
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Migure 167. Supervisory-pilot circuit associated with answer cord. 


operates. ‘This closes the circuit of the super- 
wisory-pilot lanvp mM series with the winding of the 
night-alarm relay, and the lamp lights. Actually. 
as can be seen by comparing figure 167 with figure 
166, the armature springs of both the supervisory- 
pilot relay and the line-pilot relay are wired to one 
end of the night-alarm relay winding. In this 
ciremt, because the supervisory-pilot circuit 1s m- 
cluded only in the answer-cord circuit, only one 
supervisory-pilot lamp is provided for each posi- 
tion on the switchboard. Supervisory-pilot. cir- 
cuits of this type cannot be used in a supervisory 
eireuit in which the supervisory lamp is extin- 
ruished by shunting it with a 40-olim resistor (fig. 
141), because the path through the winding of the 
supervisory-pilot relay still would be completed by 
this operation, causing the supervisory-pilot lamp 
to be lighted not only when the calling station 
hangs up, but throughout the entire conversation 
between the stations. 


140. Night-Alarm Circuit 


The night-alarm circuit, shown in figures 166 
and 167, is used to furnish the operator with an 
audible signal in conjunction with both the line- 


pilot and supervisory-pilot circuits. Besides the 


night-alarm relay mentioned previously, the cir- 
cuit includes a night-alarm switch, a d-e bell con- 
nected to the office battery, and an 4-e ringer 
connected to a source of alternating current. <A 
two-position switch is used to select either the bell 
or the buzzer (ringer). When the nght-alarm 
switch is in the make position, as shown, the arma- 
ture of the night-alarm relay is grounded through 
the make contact of the switch. When either the 
line-pilot or the supervisory-pilot lamp lghts 
(figs. 166 and 167), the night-alarm relay operates, 
completing the circuit of either the bell or the 
ringer through the make contact of the mght- 
alarm relay. This circuit is used to attract the 
attention of the operator during intervals when 
he might be away from his position at the switch- 
board, but close enough to hear the signal from the 
bell or ringer. During periods when the operator 
is attentive at the switchboard, the night-alarm 
switch ean be switched off, making the bell or 
ringer inoperative. 


141. Generator-Switching Circuit 


A. generator-switching circuit, shown in figure 
168, is used in a common-battery switchboard to 
permit a quick change from the ringing machine 
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HAND board that should be connected to the negative ter- 
GENERATOR 


minal of the battery. The grounded terminal of 
the battery is not affected by the operation of the 
battery cut-off switch. 
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143. Fuse-Alarm Circuit 
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igure 170 shows a fuse-alarm. circuit provided 
In some common-battery switchboards. It is used 
to inform the operator that a switchboard fuse 
has blown. It consists of a fuse-alarm lamp with 


TM 678-349 one side wired to the fuse-alarm bus and the other 
Figure 168. Generator-switeliing circuit, side wired through the winding of a buzzer relay 


generally used for ringing to an emergency hand 
generator, or vice versa. ‘This is necessary if the 
power source which usually supplies power to the 
ringing generator should fail. Generator switch- edie 
ing is accomplished by means of a generator- 

switching lever switch, associated with the ringing 
switches, as shown. Operation of the hand gen- — 
erator is described in paragraph 50, 12 
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In many cases, it is not necessary to operate a 
common-battery switchboard throughout the en- 
tire day, especially in the case of smaller switch- 
boards. In such switchboards, a battery cut-off 
cwrcuit, shown in figure 169, is provided to dis- = 
connect the battery when the switchboard is not 
in use. This is accomplished by means of a bat- 
tery cut-off switch, which connects the negative 
terminal of the battery to the negative battery bus 


CUT-OFF SWITCH 


in the normal position shown, but disconnects the TM 678~-35! 
battery when thrown to t] le operated position. The Figure 170. Fuse-alarm circuit. 

negative battery bus is a simple copper bar, to 

which are wired all the components of the switch- to ground. By spring action, as explained in 


chapter 6, the blowing of a fuse connects the nega- 

tive terminal of the battery, through the battery 

bus bar, to the fuse-alarm bus. This completes 
| the circuit of the fuse-alarm lamp and the buzzer 

relay, causing the lamp to light and the relay to 

BATTERY operate. The operation of the buzzer relay closes 
CUT-OFF SWITCH _ the eireuit of the buzzer through the make con- 
| tact of the buzzer relay and the normal contacts 
of the cut-off switch shown. ‘The buzzer therefore 
sounds at almost the same time that the lamp 
lights. When the attention of the operator has 







ae been attracted by the visible and audible signals, 

= he then can disconnect the buzzer by means of 

TM 678-350 the eut-off switch. ‘The lamp, however, is allowed 

Figure 169. Battery cut-off circuit. to remain lighted until the trouble that caused 
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the fuse to blow is corrected. When a new fuse 
js inserted in the fuseholder, the negative terminal 
of the battery is disconnected automatically from 
the fuse-alarm bus, breaking the circuit of the 
lamp and relay, extingwishing the lamp, and re- 
leasing the relay. 


144. Conference Circuit 


A_ conference circuit is provided in some switch- 
boards to enable a person at one stution to con- 
verse simultaneously with persons at two or more 
other stations—that is, to hold a conference by 
telephone. The circuit, as shown in figure 171, is 
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Figure 171. Parallel jacks in conference circuit. 


a simple arrangement of several jacks connected 
in parallel, All the lines interconnected in this 
way are in parallel, and are connected to the 
conference circuit by means of cord cireuits. 


145. Position-Transfer Circuit 


A position-transfer circuit, also called a group- 
ing circuit, is provided in some common-battery 
switchboards to interconnect switchboard posi- 
tions during intervals of light traffic. This en- 
ables one operator to handle several positions 
without moving his telephone set from one posi- 
tion to another. ‘The transfer is made by means 
of a grouping switeh, similar to the one used for 
the same purpose in local-battery switchboards. 


146. Additional Auxiliary Circuits of Mul- 
tiple Switchboards 


In addition to the various auxiliary cireuits 
(seussed in the preceding paragraphs, multiple 
common-battery switchboards generally contain 
several additional auxiliary circuits. Some of 
these additional circuits are listed below, with 
brief comments. 

a. Order-Wire Circuit. An order-wire circuit 
is used by the operator at a local switchboard 
in place of a conventional trunk to give the opera- 
tor at a distant switchboard the number of a called 
station connected to the switchboard. The cir- 
cuit simply connects the telephone sets of the two 
operators by means of an order-wire switeh at 
the calling switchboard. 

b. Test-Cord Circuit. A telephone office usually 
has a test board for testing local lines and equip- 
ment. When this is the case, provision must be 
mide for connecting any line appearing on the 
switchboard to the test board. This 1s accom- 
plished by using a test cord at one or more of the 
positions on the switchboard. One end of the test 
cord terminates at the test board, and the other 
end terminates in a plug which can be inserted 
imany line jack for test purposes. 

e. Wire Chief's Order Cireuit. This is a circuit 
similar to the order-wire circuit, but it is used for 
communication between a person at the test board 
and the switchboard operator. The order-wire 
switch in this ease is at the test board, one switch 
being provided for each position that has test 
cords. 

d. Peg-Count Circuit. This cirenit is used to 
operate various counters for the purpose of meas- 
uring an operator’s load. 

e, Position-Clock. Circuit. The position-clock 
circuit is used to operate clocks at the positions 
on the switchboard. 

f. Master-Clock Cirewit. The master-clock cir- 
cuit keeps the clocks at the various positions 
synchronized. 

y. Monitoring Circuit. This circuit enables 
chief operators and others to check the work of 
the individual switchboard operators. 


147. Summary of Auxiliary Circuits 


a. Conmon-battery switchboards incorporate 
several auxiliary circuits in addition to the major 
circuits. ‘The purpose of these is to improve the 
operating efliciency of the switchboard. Practi- 


175 


cally all switchboards contain line-pilot, super- 
visory-pilot, night-alarm, generator-switching, 
and position-transfer circuits. Some also con- 
tain fuse-alarm and conference circuits. 

b. Nonmultiple switchboards may contain a bat- 
tery cut-off circuit, to remove the office battery 
from the battery bus bar during periods when the 
switchboard is idle. 

e. Multiple switchboards provide some or all 
of the following additional auxiliary circuits: 


il 


COMPONENTS 





order-wire, test-cord, peg-count, position-cloek, 
master-clock, and monitoring circuits. 


148. Summary of Common-Battery Te- 


lephony 


The following table summarizes the characteris- 
tics of common-battery telephony and shows the 
comparison with local-battery telephony. 


Common-battery systems 


Handset: Handset: 
‘Transmitter, Transmitter. 
Receiver, Receiver. 
Handswitch. Hookswitch. 

Induction coil, | Induction coil. 

Capacitors: Capacitors: 

For antisidetone circuit. For antisidetone circuit. 

Ringer. | Ringer. 

Hand generator. | 

Battery (dry cells). | 

| 
CIRCUITS 


Antisidetone: 
Transmitting. 
Receiving. 

Signaling: 
Generating, 
Ringing, 





Transmitting and receiving: 
Dry cells. 
Ringing: 
Ringing machine 
or 
Hand generator, 








een 


Jack: tip, ring, 


Drop and shutter. 





Jack: tip, ring. 
Drop and shutter. 


———$——————— — a = 
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COMPONENTS OF LINE CIRCUIT 


COMPONENTS OF TRUCK CIRCUIT 


midetone (booster). 
bidetone-reduction. 
Antisidetone, 
Signaling: 
Automatic, involving hookswitch. 


‘Transmitting and receiving: 


Common battery at central office. 
Ringing: 


Power generator at central office. 


Jack: tip, ring, sleeve. 
Pimple or cut-off type. 
| Line lamp, line relay, cut-off relay. 
| 


| Jack: tip, ring, sleeve. 


Trunk line lamp, trunk relay. 





Local-battery systems 









Cord: 
Answer (two-conductor). 
Call (two-conductor). 
Plug: tip and sleeve. 
Switch (key): 
Listen. 
Ring. 
Ring-back. 


Induction coil. 
Capacitors: 
For antisidetone circuit. 


phone receiver. 
Battery (dry cells). 


— 


Ringing machine 
or 
Hand generator. 


Drop and shutter. 





Night-alarm buzzer or bell. 
Night-alarm switch. 
Night-alarm bus. 

Drop and shutter. 

Battery (dry cells). 








Field military telephone systems. 
Porward combat areas. 


each other. 








Simple in design. 

Readily assembled and disassembled, 
Requires less maintenance. 

Permits longer lines. 
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COMPONENTS OF OPERATOR’S TELEPHONE CIRCUIT 


—— 


COMPONENTS OF NIGHT-ALARM CIRCUIT 


See eee 


Areas where telephones are scattered and distant from 


Common-battery systems 
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COMPONENTS OF CORD CIRCUIT 





| Cord: three-conductor. 
Answer (three-conductor). 
| Call (three-conductor). 
| Plug: tip, ring, sleeve. 
| Switch (key): 
Listen. 
Ring. 
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Special induction coil. 
_ Capacitors. 
| Noninductive resistor. 


For limiting ringing current through operator's tele- 


COMPONENTS OF RINGING CIRCUIT 


SS 


| Ringing machine. 








COMPONENTS OF SUPERVISION CIRCUIT 





Supervisory lamp and relay. 











| 

_ Night-alarm buzzer or bell. 
Night-alarm switch. 

| Night-alarm bus. 


——————— _ Ee 
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Larger and more permanent military installations. 


Commercial telephone systems, except in outlying rural 
ATeCAS, 





ADVANTAGES 








| Station equipment less bulky. 

Provides better service. 
| Enables one operator to handle more lines. 
_ Avoids periodic replacement of dry cells. 


Local-baltery systems 
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Dry cells: 
Are not economical. 
Deteriorate rapidly. 
Must be checked often. 
Service not uniform. 
Telephone set bulky. 
Operator must be signaled manually, 
Switchboard requires more attention from operator, 
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149. Review Questions 


a. State three advantages of common-battery 
telephone systems over local-battery systems. 

b. What are the military applications of com- 
mon-battery systems ? 

ec. Why does the use of a centrally located stor- 
age battery in a common-battery system make the 
system more eflicient 

d. Describe the three basic types of common- 
battery telephone circuits, and draw a labeled dia- 
gram of each one. 

e. What is the function of the hookswitch in a 
common-battery telephone set? 

/. What is the function of the induction coil in 
 common-battery telephone set? 

g. Why is it necessary to open the secondary 
cireuit of the sidetone telephone at the hookswiteh 
contacts? 

h. In a common-battery telephone set, what: is 
the function of the capacitor in series with the 
ringer ? 

2. How does the sidetone-reduction circuit com- 
pare with the booster circuit in efliciency of trans- 
mitting and receiving ? 

j. Explain the operation of the balancing net- 
work in the antisidetone set. 

k. Define nonmultiple switchboard. 

/, Describe the arrangement of jacks, plugs, and 
cords in a nonmultiple switchboard. 

m. In the circuit of figure 148, trace a call 
through the switchboard from station B to 
station A, 

nm. Name and describe the three types of com- 
mon-battery line circuits. 

o. State the advantages and disadvantages of 
each of the three types of line cireuits. 

p. Describe the common-battery simple jack and 
cut-off jack. 
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Common-battery systems 


LIMITATIONS 
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Better quality of outside plant construction necessary to 
minimize leakage. 

Resistance of loop or line limits distanee for transmitter and 
signaling current. 

Switchboard more complex, 

Switchboard requires greater installation time and mainte- 
nance, 


g. Describe the structure and operating charac- 
teristics of a line signal lamp, 

r. What are the basic functions of cord circuits 
in common-battery switchboards? 

s. Explain why a simple cord circuit, contain- 
ing only a battery across the line, will not provide 
satisfactory transmission between two telephones 
connected by the cord circuit. 

t. What is the function of the retardation coils 
in a retardation-coil cord circuit 4 

wu. With the aid of a diagram of a retardation- 
cou cord circuit, trace the path of direct current; 
of voice-frequency current. 

v. What are the limitations of retardation-coil 
cord circuits? 

w. Explain the operation of the improved re- 
tardation-coil cord circuit. 

#. Describe the operator’s telephone set, used 
in connection with retardation-coil cord eireuts. 

y. What provisions are made for supervision In 
retardation-coil cord circuits? 

2, What are the limitations of the supervisory 
cireuit in which the lamp is extinguished by open- 
ing its circuit? 

aa. Referring to figure 145, state the conditions 
under which each of the following actions occurs: 
The line lamp associated with station A lights; 
the supervisory lamp in the answer-cord circuit 
lights; the lamp associated with station B lights; 
the supervisory lamp in the call-cord circuit 
lights; both supervisory lamps light; both super- 
visory lamps are extinguished. 

ab. Describe a typical repeating coil used m 
connection with repeating-coil cord circuits. 

ac. In the repeating-coil cord circmt of figure 
137, trace the paths of direct current; of voice-fre- 
quency current. 

ad, Describe the antisidetone operator’s set used 
with repeating-coil cord circuits. 








ae, Why must separate relays be used for super- 
vision in repeating-coil cord circuits? 

af. How is supervision provided in repeating- 
coil cord circuits 

ag. State the function of each of the following: 
the 40-ohm resistor in the supervisory circuit; 
the 370-ohm noninductive resistor in the secondary 
circuit of the operator’s telephone; the nonindue- 
tive winding in parallel with the main winding 
of the supervisory relay. 

ah, Explain the operation of the supervisory 
circuit in which the lamp is shunted in order to 
extinguish it. 

ai. State the general functions of trunks in com- 
mon-battery systems. 

aj. Why is it necessary to reverse the line on 
certain types of trunks? 

ak, Define automatic trunk; one-way trunk; 
ring-down trunk. 

al. Explain, with the aid of a diagram, the 
operation of a two-way automatic trunk, 

am. In figure 152, what operations cause the 
trunk lamp at switchboard B to light? 'To be 
extinguished 4 

an. What 1s a repeating-coil trunk cireult 

ao, What are the chief advantages of a repeat- 
ing-coil trunk circuit? 

ap. What additional components are required 
for a repeating-coil trunk circuit? 

ag. Deseribe, with the aid of simple diagrams, 
the five common types of relay windings. 

ar, Define marginal relay; differential relay; 
polarized relay. 

as. What is used to make a relay slow-acting? 
Slow-releasing ? 

at. What are the disadvantages of code ringing ‘ 

au. What is meant. by selective ringing? 


av. Describe, with the aid of a diagram, the 
process of two-party ringing to ground. 

aw. What alterations are necessary in the me- 
chanical structure of a polarized ringer to enable 
it to function as a biased ringer ? 

av, Describe the process of two-party ringing 
with pulsating enrrent, 

ay. What modifications are necessary to provide 
pulsating-current ringing on a four-party line? 

az. Explain the process of harmonic ringing, 

ba. State the function and describe the opera- 
tion of the following common battery auxiliary 
circuits: line-pilot cirewit, night-alarm cirenit, bat- 
tery cut-off circuit, fuse-alarm cireuit, position- 
transfer circuit. 

bb. What are the advantages of a multiple 
switchboard / 

be. Define answering appearance; multiple ap- 
pearance. 

bd. How are multiple appearances designated ? 

be. Draw a diagram showing the general scheme 
for the arrangement of appearances in multiple 
switchboard. 

bf. How are answering jacks and multiple jacks 
grouped usually 4 

bq. Define the following terms usec in conneec- 
tion with multiple switchboards: section, posi- 
tion, panel. 

bh. Why are lamps with caps of different colors 
or markings used in some multiple systems? 

bi. Define branch multiple; Jamp-associated 
multiple; series multiple. 

bj. What is the purpose of a busy test on a mul- 
tiple switchboard ? 

hk. State the functions of each of the follow- 
ing multiple-switchboard circuits: 
order-wire, test-cord, master-clock, 
monitoring. 


auxiliary 
peg-count, 
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CHAPTER 6 
AUXILIARY CENTRAL-OFFICE EQUIPMENT 
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150. Distributing Frames 


a. General. The basic principles and switch- 
board arrangements associated with local-battery 
and common-battery telephone systems, as pre- 
sented in chapters 4 and 5, have indicated the large 
number of components and circuits required to 
make up a telephone central office. In addition 
to the switchboards and associated equipment 
already discussed, a central office is equipped 
with facilities for arranging the many incoming 
lines in orderly fashion, and connecting them 
quickly and properly to their corresponding line 
jacks on the switchboard. This is accomplished 
by the use of déstributing frames. 

b. Functions. 


(1) Consider a switchboard designed to ac- 
commodate 100 users, for which 100 lines, 
each consisting of a pair of wires, enter 
the central office. Each line must. be 
connected to its corresponding line jack 
on the switchboard. The distributing 
frame provides an effective means for ar- 
‘unging the outside lines at the point 
where they enter the office, so that. they 
“in be identified easily. Each outside 
line is connected to a pair of terminals 
on one side of the frame (fig. 172). For 
each line so connected, 2 corresponding 
line is connected to a pair of terminals 
on the other side of the distributing 
frame and to the corresponding line jack 
on the switchboard. For each line in 
use, the two pairs of terminals then are 
interconnected by jumpers, or cross- 
connecting wires, shown as heavy broken 
lines in the figure. Unused lines (as line 
5) may be left unconnected until needed. 

(2) In addition to providing a means for 
orderly arrangement of incoming lines, 
the distributing frame makes possible the 
rapid changing of the interconnections 
of the outside and switchboard lines 
unong themselves as may be required 
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Connection of outside and switchboard lines 
throtah distributing frame, 


Figure 172, 


(fig. 173). For example, consider the 
user Whose number is 1001, and whose 
station is connected to line 1 (fig. 172). 
Assume that he moves to a new location 
too remote from line 1 for use of that 
line, but wishes to retain number LOO, 
Some means must be provided for chang- 
ing the connection at the central office 
so that the switchboard line identified as 
number 1001 now will be connected to 
the new line to which the user’s station 
now is connected. Assume that line 5, 
shown as unused in the figure, serves the 
user’s new location. To make the 
change it is necessary only to remove the 
jumper from the terminals of line 1 on 
the incoming side of the frame and re- 
connect it to the terminals of line 5 (fig. 
173). ‘Thus the system has a flexibility 
that would not be possible without the 
use of a distributing frame. 











DISTRIBUTING 
FRAME 

OUTSIDE LINES TO 

LINES SWITCHBOARD 

| 1001 

5 1005 

TM 678-402 

Figure 178. Changing line connections by means of 


(3) 


jumpers, 


Since the distributing frame is the divid- 
ing point between the outside plant and 
the inside plant, it is the logical place 
for the location of central-oflice protective 
devices. ‘These devices, discussed later in 
this chapter, protect the inside plant from 
various hazards originating outside. 





(4) The distributing frame, as explained 
above, makes the outside lines entering 
the central office easily identifiable and 
accessible without disturbing any of the 
switchboard wiring. It thus provides a 
convenient place from which to test for 
and locate line faults. Also, the outside 
line can be disconnected from the switch- 
board by removing the protective devices 
on the tip and ring sides of the line in the 
main frame, thus making unnecessary the 
removal of the jumpers when making tests 
on the outside line. 

(5) Finally, the use of distributing frames 
permits the rapid shifting of the switch- 
board load by changing the number of 
users connected to the switchboard. This 
may involve the addition of new users or 
the removal of lines from one switchboard 
to another, as required by local conditions. 
In the operation of large exchanges using 
multiple switchboards, this is particularly 
important. 


151. Classes of Distributing Frames 


a. Wall Frames. 
(1) Distributing frames are divided into two 
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Figure 174. Switehboard side and line side of main distributing frame (portable type). 
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general classes: wall frames and _ floor 
frames. Wall frames generally are used 
in small offices, depending on such local 
conditions as amount of space available, 
type of user served, and probability of 
expansion. ‘They are built up of units 
each of which can accommodate 20 pairs 
or lines. The simplest form of wall 
frame contains two terminal boards 
mounted vertically on two horizontal 
mounting brackets. The outside pairs 
are fastened to terminals on one board, 
and the pairs running to the switchboard 
are fastened to terminals on the other 
board. Screw-type terminals are used 
generally to permit easy disconnection 
and changing of lines. The two boards 


~+——— HORIZONTAL SIDE 


JUMPER 
RING 


b. Floay ram CA, 


changes, 


then are interconnected by jumpers, as 
explained in paragraph 150. 

The jumpers are flexible, and they may 
be fastened to any desired set of terminals 
at either end. ‘They are run through 
rings to facilitate tracing out lines, and to 
maintain a neat and orderly arrangement, 
Protective devices may be mounted on 
either of the terminal boards, although it 
is now common practice to install them 
on the side nearer the outside plant. 

In some small military ex- 


floor-type frames are used. ‘These are of 


three types: 


(1) 





CROSSARM 


Frames that have two vertical sides (fig. 
\(4), which means that the pairs of ter- 
minals are arranged vertically on both 


VERTICAL SDE 





VERTICAL 
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igure 175. Method of passing jumpers through jumper rings. 








(2) 


(3) 


sides of the frame. 'This type of floor 
frame is used in the smaller military ex- 
changes. 

Frames that have one side vertical and 
the other side a combination of horizon- 
tal and vertical. This type is used in 
larger military exchanges. 

Standard floor frames that have one side 
horizontal and the other vertical. 


e. Structure. 


(1) 


(2) 


The main supporting members of a floor 
frame consist of vertical angle irons (fig. 
174). ‘The bottoms of the vertical mem- 
bers are bolted to heavy angle-iron floor 
plates and the tops are bolted to a con- 
tinuous angle iron which braces all the 
vertical members rigidly together. On 
some floor frames, horizontal cross arms 
are attached to the upright members. 
Insulated jumper rings are installed at 
the junctions of the vertical angle irons 
and the horizonal cross arms (fig. 175). 

On all floor frames the two sets of ter- 
minal boards are located on opposite sides 
of the frame. In the standard type of 


JUMPER 
RINGS 





HORIZONTAL 
CROSSBARS 


HORIZONTAL FANNING 


Figure 176. 


(3) 


(1) 


FANNING 
STRIP 


floor frame section, the terminals are ar- 
ranged in vertical rows on one side and 
in horizontal rows on the other, and the 
sides therefore are referred to as the ver- 
tical side and the horizontal side. In 
figure 176, the protectors are mounted on 
the vertical side. 

When the vertical side of the frame is 
connected to the switchboard, the frame 
is called a type A frame. When the hori- 
zontal side is connected to the switch- 
board, the frame is called a type B 
trame. 


152. Frames for Large Exchanges 


a. Connection of Frames. 


In large exchanges where central-office 
wiring is more complex because of the 
ereater number of stations accommo- 
dated, distribution of lines is facilitated 
by the use of two distributing frames, the 
MDF (main distributing frame) and the 
IDF (intermediate distributing frame). 
The vertical side and the horizontal side 


PROTECTORS 


VERTICAL 
SIDE 
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Section of jfloor-type distributing frame. 
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(2) 


(3) 


(4) 


of each are called, respectively, the 
VMDF and HMDF or the VIDF and 
HIDF. 

Figure 177 illustrates the manner in 
which connections are made through an 
MDF andanIDF. The outside pairs are 
brought into the office and are connected 
to the VMDF of the main frame. The 
office protectors are mounted at this point. 
‘T'wo-wire jumpers are used on the main 
frame (fig. 177) to connect the VMDF te 
the HMDF. The two conductors of the 
jumpers correspond with the tip and ring 
conductors at the switchboard, and are 
designated as T (tip) and R (rmg) in 
figure 177. The jumpers are not them- 
selves connected in the frame by plug and 
jack connections. A cable is used to con- 
nect the tip and ring contacts of the 
HMDF to the corresponding contacts on 
the HIDF. The two sides of the IDF 
(HIDE and VIDF) have three contacts 
for each line (for tip, ring, and sleeve 
conductors). 'Three-wire jumpers there- 
fore are used to interconnect the HIDE 
and VIDF. 

Three-wire cables are run from the 
HIDE terminals to the multiple jacks on 
the switchboard. A fourth terminal, 
identified as L in figure 177, is added to 
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(2) 


(1) 





the other three terminals on the VIDF. 
This is used to accomodate supervisory 
lamp circuits. Four-wire cables then are 
run from the four terminals on the VIDF 
to the relays and to the answer jack and 
lamp. 

Since a telephone number is determined 
by the multiple jack to which the outside 
line eventually is connected, telephone 
numbers can be changed in such a dis- 
tribution system by merely shifting the 
jumpers on the HMDF. ‘The load on the 
switchboard, however, can be varied by 
shifting the jumpers on the VIDF with- 
out changing directory listings. ‘This 
method of distribution is used by all large 
commercial exchanges, 


hb, Combined Frames. 


In some of the larger military exchanges 
using multiple switchboards, a single 
frame, called a combined frame (fig. 178) 
is used instead of a separate MDF and 
IDF. One side of such a frame is a ver- 
tical side, on which the outside pairs are 
terminated and the protectors are 
mounted. The other side is a combina- 
tion side, in that it serves as the horizon- 
tal sides of both the MDF and the IDF, 
and the vertical side of the IDF. 


(2) In this type of frame, two sets of jump- 
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Connections through standard MDF and IDF. 
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Figure 178. Trunk IDF and combined distributing frame, horizontal side. 


ers are used (fig. 179). However, instead more economical than that involving the 
of one set on the MDF and the other on use of a separate MDF and IDF, but 
the IDF, both sets are on the one frame. some of the flexibility obtained by the use 
This method of distribution is somewhat of separate frames is lost. 
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Figure 179. Connections through combined frame. 


153. Cables 


a. Switchboard Cables. The term switchboard 
cables is used to refer to fabric-covered cables used 
in telephone wiring. The covering on the con- 
ductors which comprise these cables is usually silk 
and cotton. Switchboard cables vary in size de- 
pending on the number and gage of the conduc- 
tors, and they are made in three different shapes: 
round, oval, and flat. Switchboard cables are used 
in a telephone central office to conduct the lines 
from the distributing frame to the switchboard. 
On switchboards that accommodate up to 100 lines, 
a single cable frequently is used to carry all the 
pars. On larger switchboards, the cables carry 
only 20 pairs, and as many cables are used as the 
the capacity of the switchboard requires. Switch- 
board cables usually have a flat, oval cross section 
so that they will pile evenly and maintain their 
position on the cable rack which is used to support 
them. The pile of cables is secured by lacing them 
together and to the cable rack. The conductors of 
the cables are insulated with silk and cotton 
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threads. They are treated with a covering of 
special insulating material, such as cellulose ace- 
tate, to prevent dampness from entering, and to 
strengthen the cables. 

b. Cables From Outside Plant. 

(1) Cables from the outside plant usually are 
lead-covered for additional protection 
from moisture and for greater mechani- 
cal strength, and the conductors compris: 
ing them usually are paper-covered. 
They may be either underground or 
aerial. Underground cables enter the 
central office through a cable vault, which 
isa chamber usually located directly un- 
der the distributing frame in the central 
oflice. 

Lead-covered cables are used also from 
the incoming side of the MDF to the point 
at which they are spliced to the outside 
The lead sheath of the outside 
cable is removed at the MDF, and the 
cable pairs are fanned out and connected 
to the protective devices on the frame. 


cables. 








A minmum number of the conductors 
should be exposed in this process, 

(3) Lead-covered eables are used in the in- 
side plant only when it is necessary to 
run them where there may be dampness, 
such as in a basement or through a con- 
duit ina concrete floor. 

(4) A detailed treatment of preparing, lac- 
ing, and repairing cables is covered in 
TM 11-471. 


154. Central-Office Protection 


a. Types oft fazards. 

(1) Telephone equipment must be protected 
against electr “el hazards resulting from 
both natural and artificial causes. The 
most important natural hazard is light- 
ning. Artificial hazards originating out- 
aide the telephone plant include excessive 
voltages from direct contact or induced in 
telephone wires from electrical power 
systems and high-power radio transmit- 
ting appari us in the vicinity of the tele- 
phone wires. | 
Artificial hazards may arise also within 
the telephone plant.- They include acei- 
dental currents from the plant power 
eupply in unexpected channels or of ab- 
normally hioh values. 
tive Equipment, To safeguard per- 
property against these hazards, special 
e equipment Is provided, since protec- 
eg are designed to function before any 

ours, they really are preventive devices. 
ee vi e time, however, they must not be so 
“ee ca to cause any unnecessary interruption 
- Practically all outside plant condue- 
those that are completely under- 
xposed to both natural and artificial 


i Prot 
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protec tl y 
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sansitive 
of service. 
(ors, except 


eyound, are © | 
= oe 1s Exposed wires always are connected 
yazards. xp 


tive devices before they are led into 

central ollice or info a telephone station. Pro- 

the centre ‘ is liscussed fully in TM 11-676 

tective equipment 18 Cisciiesss" © ’ 

c. Types of Protective Devices. Protective de- 
vides are classified, in general, as follows: 

(1) The type of device that provides pro- 
tection against small, accidental currents 
that become a hazard only when they flow 
for a considerable length of time. The 
heat coil is an example of this type of 


through protec 


protect ive device. 


(2) The device, such as the fuse, that pro- 
tects against excessive currents. 

(3) Thetype that provides protection against 
excessive voltages, of which the open- 
space cutout, or air-gap arrestor, is an 
example, 


155. Switchboard Fuses 


a. Application. In addition to the devices pro- 
tecting the central office apparatus and equipment 
from outside hazards, switchboard fuses are used 
to protect the switchboard from its own battery 
current. In a large central office there may be 
hundreds of these fuses, distributed over the dif- 
ferent groups of circuits, 

b. Operation. To avoid serious interruption of 
service, if is essential for the oflice maintenance 
staff to know the instant a switchboard fuse blows 
and to be able to locate it quickly. Tor this rea- 
son, indicating fuses generally ave used on the 
switchboard. 

(1) Figure 180 illustrates a typical indicating 
switchboard fuse, sometimes called a 
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Figure 180. Indieator-alarm juse, 


grasshopper fuse. The fuse is mounted 
between the battery bus and the stud on 
which is connected the particular circuit 
or group of cireuits that it protects. 
Between these mountings is a thin fuse- 
alarm. bus which connects to eround 
through a pilot lamp and alarm bell (not 
shown), as deseribed in paragraph 143, 
Normally, the fuse wire holds the flat 
spring out of contact with the fuse-alarm 
bus. When the fuse wire melts, both the 
coil spring and the flat spring are re- 
leased. The release of the coil spring 
causes the glass bead to be thrown out of 
line so that it can be seen more readily. 
At the same time, the flat spring makes 
contact with the fuse-alarm bus. com- 
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pleting the alarm circuit and causing the 
ilarm bell to ring. The blown fuse can 
be located quickly by inspecting the panel 
for a fuse with its bead raised out of line. 

(2) Another indicator alarm fuse is shown 
in figure 181. This fuse consists of a 
fiber body, two metal springs, a fuse ele- 
ment, and two spade terminals. The 
Operation is very similar to that of the 
fuse shown in figure 180, The two metal 
springs are held in position by the fuse 
element. When the fuse element opens, 
the springs are released and spread apart, 
indicating that the fuse is blown. The 
lower spring contacts the fuse-alarm bus 
and completes the alarm circuit. 

c. Sizes. Switchboard fuses are available in 
various sizes; those most commonly used are of 
-, 1'e-, 2-, and 38-ampere capacity, Fuse- 
circuit prints indicate the size to install in each 
case, and the capacity of a fuse that is removed 
will indicate the size to be used for replacement. 
To aid in the identification of fuses, and to pre- 
vent a fuse of the wrong size being used, the 
glass beads are colored differently for the differ- 
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ent sizes. If a fuse of the proper size 1s not 
available for a given replacement, a piece of fuse 
wire of the proper rating may be used temporarily, 
but should be replaced by a fuse at the earhest 
opportunity. Copper wire never should be used 
in place of a fuse, nor should a blown fuse be 
replaced by one of larger capacity than is required 
by the circuit. It is customary to replace one 
fuse that has blown without investigating the 
cause of its blowing. If the replacement fuse 
blows, however, the cause should be determimed 
and the trouble remedied before another fuse is 
installed. 


156. Central-Office Power Equipment 


a, Sources of Power. 

(1) The primary source of power for op 
erating a telephone central-oflice eX- 
change usually is furnished by the util 
ity company serving the area in which 
the central office is located. In most 
areas of the United States, this power 
is delivered at 110 or 220 volts at 60 eps; 
and is purchased by the telephone com 





a 








pany in the same manner that power 
would be bought by any other power- 
using customer. 

Many central offices have a stand-by 
power source, to be used in the event of 
failure of this power supply. This may 
be a gasoline- or Diesel-engine genera- 
tor set which can be put in operation to 
earry the load. These units ure located 
in or near the central-oflice building in 
such position that their noise and exhaust 
will not interfere with the normal op- 
eration of the office, and so that floods or 
es will not interfere with the opera- 


ui 
tion of the unit. . | 

The Army has a problem in that its cen- 
tral-oflice equipment may be put in use 
in any area in the world and under any 
type of combat condition. Since the 
voltages and frequencies of power com- 
panies in foreign COUMLUIES vary widely, 
and since under combat conditions these 
; companies may not be operating, 
it has been found impracticable to de- 
end on local power supply for the op- 
tee ro of Army central offices, Each 


(3) 
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common-battery telephone central-oftice 
set used by the Army includes engine- 
driven generators which are the primary 
source of power for the central office. 
(4) ‘The supply of power to the telephone 
switchboard and its associated equipment 
must be absolutely continuous. Even a 
momentary interruption would de-ener- 
gize the switchboard relays, and would 
affect hundreds of calls and important 
long-distance circuits. For years, stor- 
age batteries have been used as the auxil- 
lary power source in telephone exchanges. 
These batteries are usually of the lead- 
acid type and supply an emf of 24 volts 
or 48 volts, depending on the type of office 
in which they are used. The ampere- 
hour capacity required of the battery for 
any given installation depends on the 
traffic load which the office must handle. 
Batteries have, however, more than the 
single function of providing an auxiliary 
source of power. They provide a supply 
of essentially constant voltage which off- 
sets the variations in commercial power- 
line voltage and, in addition, they are 
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useful in absorbing the line noises and 
ripples introduced by the operation of 
charging equipment. 


h, Power Service Panels. 
(1) The installation of the power service 
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(2) 


panel generally is included in the con- 
struction contract for the central-oflice 
building. This panel is the terminating 
point of the utility company’s supply 
lines within the central office. It nor- 
mally consists of a large entrance switch 
(or switches) controlling the electric 
power in the entire building, and a sufli- 
cient number of distribution panels to 
protect each electric cireuit required in 
the building. Watt-hour meters (sup- 
plied by the utility company) are located 
near this panel and measure the amount 
of power used. Figure 182 illustrates a 
typical power service entrance. 

The power supply of Army transportable 
central-office sets is connected directly 
from the engine-driven generator set to a 
small service panel that is mounted on 
(and forms a part of) the central-office 
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Power service panel. 


power panel. Figure 183 shows the gen- 
erator (primary power) connections for a 
typical Army central-oflice set. 


Gs Pypes of Power Required. 


(1) Power is required in several different 


forms for the operation of a central of- 
fice. Direct current at 24 or 48 volts 
(depending on the type of office) is re- 
quired for voice transmission and for the 
operation of relays and signals associated 
with the switchboard. Alternating cur- 
rent and pulsating direct current are used 
for such functions as signaling telephone 
stations or other exchanges, and for pro- 
viding a tone for the busy signal, a dial 
tone, and other audible indications of 
circuit conditions. Interrupted signaling 
currents are provided for machine-ring- 
ine facilities found in most large ex- 
changes. 

The term power plant, or power equip- 
ment, when applied to telephone work, 
has reference to that part of the central 
office which is devoted to the furnishing 
of current in various forms to operate 





the telephone apparatus. The power 
plant that receives 60-cycle commercial 
power at 110 or 220 volts converts it to 
the many forms required by the exchange. 
To fulfill this function, the central-oflice 
power plant is equipped with the neces- 
sary rectifiers, motor generators, ringing 
machines, tone generators, and interrupt- 
ers. To provide fh central point for the 
protection, control, and distribution of 
the central-oflice power circuits, a power 
panel also is included. ach part of the 
central-ollice power plant, including the 
storage batteries, 1s connected to the cen- 
tral-oflice power system through appro- 
sriate ewitches, and circuit breakers or 
fuses on the power panel. 


























157. Central-Office Power Circuits 


a Figure 184 shows, in block diagram, a typical 
central-oflice power system. The ac from the com- 
mercial power lines is led in through the service 
entrance main switch, and the-service entrance 
distribution panel to the primary power control 
switch, A-c power from the reserve supply also is 
fed to this switch. The ac then is converted to 
de in the rectifier and motor-generator circuits, 
and is fed to the power panel, and then through 
the appropriate meters and switches to the switch- 
board d-e circuits. The battery is connected di- 
rectly across this circuit, and in the event of a 
primary power failure, the battery carries the full 
load. The output of the motor generator usually 
is suflicient to carry the full load and also to keep 
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the batteries under slight charge. During periods 
of heavy traflic, the switchboard load may exceed 
the output of the charging equipment. Then, both 
the battery and the charging equipment will sup- 
ply current to the switchboard, and the battery will 
recharge when the load returns to normal. 

6. The ringing and signaling equipment may 
operate directly from the primary power source, 
or it may operate from the central-oflice battery, 
Most offices are provided with ac-operated ma- 
chines for use under normal conditions, and de- 
operated machines for use in the event of failure 
of the primary power source. 

e. The functions of the special cells marked 
CEMF are covered in paragraph 162, 


158. Motor-Generator Sets 


a. Application. 

(1) When the d-c requirements ina telephone 
central office are 50 amperes or more, the 
consideration of efficiency in converting 
power becomes important. Motor-gener- 
ator sets are the most eflicient type of 
charging equipment, but their use entails 
constant careful maintenance. The gen- 
erally accepted practice in telephone plant 
engineering is to use rectifiers in small 
central offices and effect a saving im main- 
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tenance costs, and to employ motor gen- 
erators in large central offices where the 
bulk of the saving will be in increased 
efliciency of operation, A typical motor- 
venerator set of the type used in large 
central offices is illustrated in figure 156, 
A motor-generator set consists essentially 
of an electric motor (usually a-c) driv- 
ing a d-c generator. ‘The motor and 
generator may be housed separately with 
their shafts coupled together; or they 
may be included within a single housing, 
with the motor and the generator arma- 
tures mounted on a common shaft. 

The generator used for telephone cen- 
tral-office work may be a shunt-wound 
type with manual control (found in some 
older offices) or it may be a compound- 
wound type (or diverter pole), Some 
very large offices use high-capacity gen- 
erators of the shunt type provided with 
automatic voltage controls. Many mod- 
ern offices use multiple installations of 
medium-capacity generators, operating 
only as many as are necessary to carry 


the immediate load. Generators de- 
sioned for central-oflice charging sys- 


tems must provide a smooth d-c output 
with a minimum of commutator ripple. 
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Figure 186. Motor-generator set. 


pel jon. 


When 


era for 


a charging set is started, the gen- 
must be brought up to normal 
epeed and then adjusted to the proper 
voltage output by means of the field 
Jreostat before 1t 1s connected to the bat- 
es This precaution 1s necessary be- 
oases if the battery volt ave is Meher than 
e output voltage of the generator, the 
will send current through the 
This will cause the reverse- 


th 
battery 
operator. eo tl : 
= pont circuit breaker, which is provided 
Orit purpose, to operate, opening the 
eclit to the battery. Larger motors 
, re started by means of special starters, 
. starting compensators, which h mit the 
at of ing current while the motor is build- 
ing up to normal speed. | ~ 

When the prinmuuy power supply fails, 
the reverse-current circuit breaker auto- 
matically disconnects the motor-genera- 
tor set from the battery. 
office load then is carried by the battery. 
Protective devices are provided to dis- 
connect the motor from the primary 
ower source in the event of power fail- 
ure. These devices prevent the motor 
from starting when the primary power is 
It must. be started either man- 


The central- 


restored. , 3 
ually or by means of antomatic starting 


equipment, depending on the type of 
office, 

When primary power is restored after a 
failure, the batteries, which carried the 
entire load during the emergency period, 
must be recharged promptly. The gen- 
erator voltage therefore is raised to a 
charging-voltage value which is some- 
What higher than the voltage used for 
normal operation. 

A more detailed discussion of the op- 
erating principles of motors and genera- 
tors is included in TM 11-681. 


159. Rectifiers 


A rectifier is a device for converting alternating 
current to direct current without the intermediate 
processes of transforming electrical to mechanical 
energy and vice versa. Motor-generator sets are 
not included in the category of rectifiers because 
they first convert electrical energy to mechanical 
energy (motor operation), and then convert the 
mechanical energy to d-c electrical energy (gen- 
erator operation). 

a. Principle of Operation. The ability of all 
rectifiers to conduet eurrent in only one direction 
arises from their low resistance (up to several 
thousand ohms) to current in one direction, and 
their very high resistance (1p to millions of ohms) 
to current in the opposite direction. The prinei- 
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ples of rectification are discussed further in para- 


graph 160. 


b, Types. 

(1) ‘Two main classes of rectifiers are used— 
tube rectifiers and disk rectifiers. Tube 
rectifiers use any of several vacuum or 
gas-filled tubes: high-vacuum diodes, 
mereury-are tubes, mercury-vapor tubes, 
and Tungar tubes. The principal disk 
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(2) 


(3) 


rectifiers are the selenium and ecopper- 
oxide types. 

Gas tubes are highly efficient rectifiers. 
They are made by admitting into a 
vacuum bulb at controlled pressure small 
amounts of such gases as mercury vapor 
or argon. ‘Tubes of this type are used 
commonly where the desired output is 
less than 50 amperes. The gas tube most 
widely used by the Army is the Tungar 
tube, or bulb, which consists of a glass 
bulb filled with argon gas, a tungsten fila- 
ment, and a single carbon plate or anode. 
A, figure 187, illustrates a Tungar reeti- 
fier used by the Army, and B shows an 
individual 'Tungar bulb. 

Selenium-disk rectifiers are used in many 
military installations instead of gas tubes. 
They are preferred to copper-oxide recti- 
fiers because they have a better power out- 
put-to-weight ratio. A complete selenium 
rectifier (A, fig. 188) consists of a num- 
ber of disks bolted together to form a 
stach. "The stack is provided with two or 
more terminals, as determined by its in- 
tended use. The rectifier illustrated is 
designed for use in a full-wave bridge 
rectifier circuit (par. 161). A eross-see- 
tional diagram (not to scale) of a single 
selenium disk is shown in B. <A base 
plate of steel or aluminum acts as the sup- 
port for the disk. Selenium (a metal 
ilso used widely in photoelectric cells) is 
pressed or deposited on one side of the 
base plate in a thin film. ‘The disk then 
is heated, causing the selenium to be 
changed to crystalline form, forming a 
natural barrier layer. ‘This layer is 
coated with a specially prepared lacquer 
to form an artificial barrier layer, ¥Fi- 
nally, the counter electrode is applied as 
au sprayed-on layer of an alloy of tin, 
cadmium, and bismuth. ‘The disk then 
is formed (so that it will conduct current 
in one direction only) by applying a d-e 
voltage of opposite polarity to that which 
will cause the rectifier disk to conduct, 
A stack is made by mounting several 
disks on a bolt, which is passed through 
the insulating washer at the center of each 
disk, as many «disks being used as are 
necessary to withstand the cireuit voltage. 
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Gejenlum disks are rated as to the safe 
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160. Rectification 


il. Half- Wave 


(1) 


Rectification. 

The circuit of figure LS) is designed. to 
operate as i half-wave rect ifler. | 
A source of alternating emt is shown 1n 
A connected to a rectifier and a load. 
Since rectifiers can conduct electrons in 
only one direction, current flows m this 
circuit only during alternate half-cycles 
of the input alternating emf. ith the 
input polarity as shown for the first half- 
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selcniwm rectifier. 


cycle, the rectifier conducts in the direc- 
tion indicated by the arrow. ‘The wave- 
shapes of the input voltage and load 
current are as shown in B. 

At the end of the first half-eycle, the 
polarity of the input voltage is reversed 
as in ©. During the second half-eyele, 
the rectifier does not conduct and only 2 
negligible amount of current flows in the 
circuit. The resulting waveshapes of 
input voltage and load current for the 
entire cycle are shown in D. 

The resulting load current is called pud- 
sating direct current, since it flows in one 
direction only but yaries in magnitude. 
This kind of current is not suitable for 
power supply output in a telephone cir- 
cenit, because it contains frequency com- 
ponents in the vyoice-frequency range. In 
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Figure (89. Simplified cireuit of half-wave rectifier, 


order to make the rectifier system suitable 
for telephone work, the output current 
must be well filtered by using smoothing 
chokes that reduce the variations in the 
current and make it a practically steady 
direct current. In general practice, it is 
difficult to obtain adequate filtering of the 
output of a half-wave rectifier. Tor this 
reason, half-wave rectifier circuits een- 
erally are not used in the power supply. 

(5) Although no particular type of vectitier 
was mentioned in connection with the 
foregoing discussion, the theory of Op- 
erntion of a half-wave rectifier is sub- 
stantially the same for all, disk as well 
as tube types. 


h, Full-Wave Rectification, 
circuit diagram of a full-wave rectifier, using 
Tungar tubes and connected to operate as a bat- 
tery charger. The anodes of the two Tungar 
tubes are connected, and the negative terminal of 
the battery (the /oad, in this cireuit) is connected 
to this junction through a filter choke. The al- 
ternating emf is applied to the primary of the 
power transformer. ‘Lhe transformer has three 
secondary windings, two of which are used to 
supply heating’ voltage to the filaments of the 
Tungar tubes. The third winding is provided 
with taps on either side of the center point. These 
taps provide a means of controlling the load cur- 


196 


Figure 190 is a 


rent by varying the voltage applied to the reeti- 
fier tubes. The filament winding of the upper 
tube is connected to a tap above the center poet, 
and the filament winding of the lower tube is 
connected to a symmetrically located tap below 
the center point. The circuit is completed by 
connecting the grounded center tap of the second- 
ary winding to the positive terminal of the 
battery. 
(1) Assume that, during the first half-eycle, 
the filament of the upper Tungar tube 
(A, fig. 190) is positive in relation to its 
plate, whereas the filament of the lower 
tube is negative in relation to its plate. 
The lower tube therefore conducts cur- 
rent during the first half-cycle, Just as 
though it were a half-wave rectifier (a 
above). Tf the battery and filter choke 
were replaced by a resistive load, the 
load current waveform in B would be 
identical with that shown in B, figure 
189. This waveform 1s modified slightly 
by the battery and choke, as explained 
below. 
(2) At the end of the first half-cyele, the 
polarity of the input voltage is reversed, 
The filament of the wpper tube then is 
negative with respect to its plate, There- 
fore the upper tube conducts current dur- 
ing the second half-eyele, whereas the 
lower tube is inoperative. The load 
current, however, flows through the bat- 
tery in the same direction as during the 
first half-cyele, as shown by the arrows 
in A and C. The resulting waveform of 
the load current (again assuming the hat- 
fery and choke to be replaced by a resis- 
tive load) is ilustrated in D. 
(5) The fact that the load is a battery, as 
shown in the figure, insteacLof a resistance 
(as assumed im (1) and (2) above) causes 
the load current to flow for slightly less 
than a half-eyele at a time. Each tube 
conducts current only during that part of 
its conducting half-cycle when the yolt- 
age across the secondary winding of the 
transformer exceeds the battery voltage 
opposing it. The effect of the battery on 
the current waveform is shown in E. In 
telephone applications, this effeet is of 
neghevible importance, because the tele- 
phone cireuit which shunts the battery 
while it is being charged reduces the 
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Cireuit of full-wave Tungar rectifier. 


battery voltage slightly, thereby increas- modifying the load-current waveform, as 
pill 4 7 eS , ‘ . 
eS y the conducting time of the tube. 


shown in F. The size of the choke re- 





-4\ The load current ot the full-wave recti- quired depends on the current to be taken 
(4) ! Ne neglecting the effect of the filter from the power supply by the load. 
aoe is 1 pulsating clirect, current, al- 
‘hough the variations about its average 161, Full-Wave Bridge Rectifier 
or d-¢ value are not so ereat as in the - is 
half-wave circuit, and the zero-current a Structure, 
interes Es ane (1) igure 11 Mlustrates the ee of 2 
chanetore 1° ReoorEp nS es cae am bridge rectifier using four selenium recti- 
phe eu vee Been ay es her stacks, numbered 1, 2, 5, and 4, ar- 
ily, a filter choke is connected im series ranged m the form of a closed loop. The 
with the battery, as im figure 190, further four stacks sometimes are mounted as a 
94930%-—h3-——14 
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Figure 191. Full-wave bridge rectifier using selenium 
stacks. 


single stack, as in A, figure 188. There 
are four junction points, A, B, C, and D, 
respectively. ‘The battery, which is the 
load in a rectifier circuit used for charg- 
ing, is connected to points B and A in 
series with a filter choke, as shown in the 
diagram. 

(2) The power transformer has a primary 
winding which can be arranged for opera- 
tion with input voltages of either 115 
volts or 230 volts. ‘The’secondary is pro- 
vided with a number of coarse-adjustment 
taps on one end and a number of fine- 
adjustment taps on the other, for con- 
trolling the voltage applied to the reeti- 
fier. The input to the rectifier stacks is 
connected from one of these taps on each 
end to junction points C and D. 

b. Operation. 

(1) Consider the first half-cyele of alternat- 
ing voltage applied to the rectifier, and 
assume that point D is negative and point 
C is positive during this time. If this 
is true, electron current will flow from 
point D through rectifier 3, the battery, 
the filter choke, and rectifier 1. During 
this first half-cycle, negligible current 
flows through rectifiers 2 and 4. 

(2) At the end of the first half-cycle, the 
polarity of the secondary emf is reversed, 
making point D positive and point C 
negative. ‘The path of electron flow dur- 
ing the second half-cycle is from point 
C through rectifier 4, the battery, the fil- 
ter choke, and rectifier 2. A pulse of 
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current therefore flows through the bat- 
tery in the same direction during both 
half-cycles. The waveshape of current 
for the entire cycle is identical with that 
for the full-wave Tungar rectifier. 


162. Central-Office Batteries 


Central-oflice batteries used in large exchanges 
usually consist of multiple units of individual 
cells, with a sufficient number of cells con- 
nected in series to provide for the needs of the 
exchange. These cells are contained in sealed 
glass jars and generally are operated at a spe- 
cific gravity of 1.210 to 1.220 and an open voltage 
of 2.05 volts per cell. In 24-volt offices, 11 cells 
are used and in 48-volt offices, 25 cells are used. 
Figure 192 shows a typical commercial-type tele- 
phone battery cell. Army transportable central 
oflices use a portable or an industrial-type battery. 
These batteries have a hard-rubber composition 
case and each battery contains six cells connected 
in series. Two batteries connected in series are 
used in Army 24-volt exchanges and four are used 
in +8-volt exchanges. They are operated at 1.280 
specific gravity with an open circuit voltage of 2.2 
volts, Figure 193 shows a typical Army central- 


oflice battery. Central-oflice equipment is de- 
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Figure 195, Typieal central-affice portable battery. 
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current. bls | | 
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minimum value, and are switched out of the cir- 
enit when the battery voltage has reached a sate 
maximum value. ‘The addition of the end cells 
raises the terminal voltage to a value that will 
operate the equipment Siu isfactorily and permits 
the full discharge capacity of the battery to be 


used before the equipment fails. End cells are 
exactly like the other cells of an office battery. ° 
Since they are used for very brief intervals only, 
they require less charging than the regular 23-cell 
battery. For this reason they usually are kept 
fully charged by means of a special trickle charger 


designed for this purpose, 


b, Counter Kimy Cells, 

(1) During an emergency period, such as de- 
scribed in a above, the battery discharges 
appreciably. When the emergency is 

over, the battery must be recharged more 
rapidly than during normal operation. 
The charging voltage therefore is raised 
somewhat above its normal value. How- 
ever, since the larger voltage from the 
charger is directly across the switchboard 
load as well as across the battery, the load 
voltage may become too high for safe 
operation, Consequently, some provision 
must be made to reduce the load voltage 
to a safe value, without reducing the 
charging voltage applied to the battery. 
(2) This is accomplished by the use of a 
group of special cells, called cemf (counter 
emf) cel/s (fig. 194). The typical cemf 
cell consists of two groups of thin nickel 
plates suspended from an insulated cover 
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Figure 14, Use of cenuf cells. 


in an adhaline solution known as VA solu- 
tion. The housing for the cell is a Pyrex 
glass container. The nickel plates are 
insulated from each other by means of 
glass insulating beads supported on each 
plate. <A layer of oil, known as eaidol, 
is usec on the surface of the NA solution 
to retard evaporation. 

(3) Each cell provides a cemf of approxi- 
mately 2 volts for very small currents. 
increasing only slightly as the current 
increases. This cemf has an effect similar 
to that of introducing additional resist- 
ance into the load circuit, except that the 
cells dissipate much less power and pro- 
vide a fairly constant cemf. The be- 
havior of these cells is similar to that of 
at fully charged lead-acid cell except that 
the plates have practically zero storage 
capacity and therefore are reversed jm- 
mediately in polarity when the direction 
of current changes. The cemf cells are 
inserted automatically in series with the 
load cireuit when the output voltage of 
the generator is increased above its nor- 
mal value. 


163. Ringing Machines 


A ringing machine is a device that operates 
from a standard power source to provide ringing 
current for the switchboard, It is an automatic 
source, which takes the place of the hand gen- 
erator. A munber of these devices have been de- 
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signed to meet different requirements. They 
convert the a-c or d-c voltage of the power source 
toan a-e voltage which has the required frequeney 
of the ringing current, ‘The machines frequently 
used are the a-c vibrating-reed interrupter and the 
d-c vibrating-reed converter, each of which uses 
a vibrating reed to perform the conversion, and 
the subeyele static frequency converter which has 
no moving parts except for a starting rely. 


164. A-C Vibrating-Reed Interrupter 


The a-c vibrating-reed interrupter produces a 
20-cycle ringing current output from a 110-volt, 
60-cycle, a-c power-supply input (fig, 195), 

a. Operating Principle, Operation ot the m- 
terrupter depends on a vibrating reed which al- 
ternately opens and closes the output cirenit at 
regular intervals. The interruption of the output 
circuit results in an output voltage consisting of 
alternate positive and negative half-cyeles which, 
over a 1-second period, add up to the equivalent of 
a 20-cycle frequency variation, ‘The operating 
principle can be explained by referring to the sim- 
plified circuit of figure 195. The interrupter has 
a transformer, the primary winding of which is 
connected to input terminals TL and 'P2 of a 110- 
volt, 60-cyele, a-c generator. A motor cotl mm 
series with a vibrating reed and resistance Rts 
connected across the secondary winding, The 
output cireuit includes a lamp and a ringer, 

(1) The generator produces a 60-cyele al- 
ternating current in the primary wind- 

ing of the transformer, which induces a 

G0-cyele a-e voltage im the secondary 
winding (A, fig. 195). When the vi- 
bratine reed is in the position shown, 

the secondary voltage provides a current 

in the output cirewit to the ringer 

through the lamp, and also a current 
through resistance R and the motor coil, 

which is an electromagnet. ‘The motor 

coil becomes magnetized and attracts the 
vibrating reed, opening the output ei 
cult at the secondary winding of the 
transformer, and stopping the current to 
the ringer and the motor coil. The 
motor coil then loses its magnetization 
and releases the reed. The reed again 
closes the output cireuit to the ringer, 
current again is supplied to the motor 
Thus, 
the reed is caused to vibrate, the vibra- 


coil, and the cycle is repeated. 
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Figure 195. Operation of a-c vibrating-reed interrupter. 


sy alternately opening and closing the 
troll « . 


that of the first pulse. 
put circuit to the ringer. 


The reed there- 
fore produces an out put voltage that con- 
sists of half-cycle pulses which alternate 
in polarity, one being positive and the 
other negative. ‘These are separated by 
an interval of zero voltage resulting from 
the removal of 2 half-cycle pulses be- 
tween them. 


0 ae vibration of the reed Is adjusted so 

Me that ‘+ closes the output elreunt for 1 halt- 

ale or the 60-cycle a-c Input and opens 

the output cireult for o half-cycles, or 1 

complete cycle, With the output circuit 

open, the output voltage falls to ZeV0, 
as shown in the waveform over the ringer (3) 
‘1 B. When the reed closes the clreuit 

again, as in CG, the resultant pulse m the 





The 60-cycle input voltage has 60 cycles 
per second ; the duration or period of each 
cycle is 1% second, and for each half- 


output eireut is of opposite polarity to cycle 18 log second (A, fic. 196). The 


tom, 
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Miqure 196, Ov} piut-vollage waveform of a-e vibrating- 


reed jiterrupter, 


time interval from one positive half-evcle 
to the next positive half-cycle, which 
represents a complete cycle for the output 
voltage is equivalent to six 60-cyele posi- 
tive and negative pulses. which amount 
CO “yoo second, or 14) second. Because a 
complete cycle of the output voltage takes 
429 second, the frequency is 20 cyeles per 
second, 

b. Cirewit. FWioure 197 shows the actual circuit 

of an a-e vibrating reed interrupter. A 110-volt. 


INPUT 
WAVEFORM, 


60 CYCLES T 


TRANSFORMER 





Figure 107, 
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60-cyele, a-c generator 1s connected to the imput 
terminals, and the output is connected to the 
switchboard. The capacitors and the r-f (radio- 
frequeney) chokes, L1 and LY, are used to reduce 
arcing at the contacts of the vibrating reed and to 
remove high-frequency peak voltages which could 
produce radio interference. ‘The @round connec- 
tions connect to the interrupter chassis, permitting 
discharge of the capacitors when the unit is shut 
off. ‘The lamp is provided to prevent damage to 
the components in case of a short cireuit or a 
heavy load on the machine. 


165. D-C Vibrating-Reed Converter 


The d-e vibrating-reed converter changes a d-e 
voltage (usually that of a battery) to an a-e volt- 
age of 20 eycles. 

a. Operating Principle. he simplified cireuit 
of figure 198 illustrates the operating principle of 
the d-c vibrating-reed converter. This converter 
has a transformer which steps up an input of 3 
volts to an output of 100 volts. (Other types have 
inputs of 12 to 48 volts.) There is a center tap 
on its primary winding. The primary winding 
Is connected to a vibrator unit containing a coil, a 
center reed, side reeds, and an actuating point, 
The input voltage is supplied by a battery. The 
positive terminal of the battery is connected to 
the center tap of the primary winding through a 
switch; the negative terminal is connected to the 
center reed of the vibrator unit. The secondary 
winding of the transformer is connected to the 
output terminals of the converter, and the ter- 
minals are connected to a ringer. Heavy lines 
show the momentary circuits during operation, 

(1) When the switch is closed, as in A, a 
complete path for the battery current is 
provided (in the direction of the arrow) 
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Cirenit of a-e vibrating-reed interrupter. 
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Figure 198. Operation of d-e vibrating-reed converter. 


and the center reed. The coil, 
ich 1s an electromagnet, becomes mag 
the current and attracts the 


ens the contact at the actuating 


as 


‘th the lower set of side reeds, as 


through the vibrator coil, causing it to 
demagnetize and release the center reed 
from the lower side-reed contacts. 
make and break of the lower side-reed 
contacts result in a current rise and fall 
in the primary winding of the trans- 
former, thus inducing a voltage in the 
point and brings the center reed into secondary winding, as shown. 

(3) When the center reed is released from 
the lower side reeds, it vibrates and makes 
contact with the upper side reeds, as in 

As a result, battery current now is 

transformer. ‘This current is supplied supphed to the upper half of the pri- 

for only an instant, however, since the 
breaking of the contact to the center reed 
from the actuating point opens the cireuit 


mary winding of the transformer in the 
irection indicated by the arrow. (Note 
that this direction is opposite to that of 


hb. Cireuit. 


the current in the lower half of the wind- 
ing when contact is made with the lower 
side reeds.) At the same time, the center 
reed again is brought into contact with 
the actuating point, and current again Is 
supplied to the vibrator coil. The coil 
again becomes magnetized and attracts 
the center reed to the lower side reeds, 
breaking the contact to the upper side 
reeds. The make and break of contact 
with the upper side reeds cause the cur- 
rent to increase and decrease in the up- 
per half of the transformer primary 
winding, and again a voltage is induced 
in the secondary winding of the trans- 
former, but in the opposite direction, 
since the current direction has reversed. 
Thus, at each make and break of contact 
between the center reed and the side reeds, 
a half-eycle alternating current is im- 
duced in the secondary winding of the 
transtormer. The center reed is kept im 
vibration by the vibrator coil, and its rate 
of vibration is adjusted mechanically to 
produce the required frequency of 20 
cycles for the ringing current for the 
output, 


Figure 199 shows the actual cir- 


cuit of a d-¢ vibrating-reed converter, ‘The input 
voltage is supplied by a 8-volt battery, and the 
output is connected to the switchboard. Capaci- 
tor Cl reduces the arcing at the contact between 
the center reed and the actuating point. Capaci- 
tor C2 acts as a buffer capacitor, regulating the 
manner in which the magnetic flux decays in the 
transformer core during the intervals when the 
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Figure TW, 


primary cireuit is open. The vibrator comes m a 
single unit containing the coil, the center reed, 
the side reeds, and the actuating point. The chas- 
sis completes the circuit path of the current 
from the battery, as indicated by the ground 
connections. 


166. Subcycle Static Frequency Converter 


The subcyele static frequency converter, or Te- 
ducer, as its name implies, is a ringing machine 
without moving parts. Ringing machines using 
vibrators, vacuum tubes, or rotary parts need fre- 
quent adjustment and are expensive to maintain. 
By comparison, the subcycle converter needs he 
adjustment or lubrication and will operate con- 
tinously for many years without attention. It is 
a subharmonic generator, which furnishes ringing 
power at either 20 or 30 cycles, subharmonics or 
submultiples of the standard 60-eycle power fre- 
quency. ‘The subeyele converter used in Army 
central offices is designed for operation from a 
115-volt, 60-cycle source. For the operation of 
subeyele converters at other conmercial voltages 
of the same frequency, « transformer that delivers 
115 volts is used between the power line and the 
converter, 

a. Theory. The subeycle converter 1s essen- 
tially a series L-C (inductance-capacitance) chr 
cuit containing sufficient amounts of inductance 
and capacity to resonate at the desired mnging 
frequency of 20 cycles. A switching action, ac- 
complished electrically by means of a nonlinear 
inductance called a saturable reactor, allows the 
GO-cyele current to turn off and on at the proper 
times to develop the 20-ceycle current. “The charae- 
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of the saturable reactor are such that its 
value drops abruptly when a eritical 
ehange of current through its winding 1s 
As a result, the in(luetor is taken out 
hed. nnd placed in the cireuit in accordance 
“he arent variations. 
crepe lite Operation. oe 

ese fieure 200, shows the schematie dia- 

(1) A © ; conventional subeycle conver- 
rer. At the instant of applying the line 
voltage, the armature of relay Ris in the 
josition shown, shorting out the saturable 
; The total input of 115 volts 
applied across winding PE of 


ayer 
: 


remctor, Ll. 


fore 18 
thereto! secs ges. Saat < 
‘anstormer ‘1, which steps up this 


a itoul 

yltage to approxunately 400 volts 
V OLbet,” ~ x : r . ae 
(peak) across the entire winding, GE, 


This high yoltage appears across the S-pf 
eqpacitor C1. the winding of the relay, 
capacitor, \'*s > BY 3 
», small inductance, 12. The peak 
voltage of 400 volts appearing across this 
epyies circuit, causes the capacitor to 
charge through the relay and inductor. 
The large capacitor charging enurrent 


anc 


flowing through the relay energizes it, 
eausing the armature fo be pulled away 


from the position shown. ‘The operating 
time of the relay is such that it opens 
about the time the capacitor has charged 
to its peak voltage. The relay then re- 
mains open during the subsequent opera- 
tion of the converter, and closes only 
when overload or power failure stops the 
charging and discharging of the capac- 
itor. 

(2) Onthe opening of the relay, the saturable 
reactor, L1, becomes part of the primary 
circuit of the autotransformer, and the 
greater part of the input voltage now ap- 
pears across Li—not across FI, the 
primary winding of the transformer. 
(When L1 is not saturated, its inductance 
value is large.) Since the transformer 
receives little input voltage, there is little 
induced voltage across winding GE, and 
the capacitor is free to begin discharging 
its stored energy at the natural frequency 
of its L-C cireuit. 

(3) B, figure 200, shows the redrawn sche- 
matic of the subeycle converter without 
showing the armature of the relay, since, 
after starting, the relay remains open 
during the subsequent operation of the 
converter, and closes only when overload 
or power failure stops the charging and 
discharging of the capacitor, The dis- 
charge path of the capacitor is through 
the relay winding, small mductance L2, 
the power source, large inductance L1, 
and winding FG. The discharge path 1s 
not primarily through winding EP’ be- 
cause, as explained in TM 11-681, the 
winding common to both primary and 
secondary circuits of an auto-transformer 
tends to appear as an open circuit. 
(Primary and secondary currents 1s0° 

out of phase oppose each other directly.) 
When the discharging capacitor current 
is in phase with the current from the 60- 
evcle source, reactor L1 saturates sharply, 
allowing the input voltage ae appear 
across the primary of the transformer. 

«, Normal Operation. 

(1) The operation of the subcycle generator 
now mav be considered from a more gen- 
eral point of view. The oscillating series 
L-C-R. (inductance - capacitance - resist- 
ance) circuit has small resistance and 
large values of inductance and capaci- 
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tance—approximately 8 henrys and 8 pf, 
respectively. The current in this circuit 
oscillates at its natural frequeney of 20 
eps (fr=.5ryLC). For each half-cycle 
of oscillation, there is a period during 
Which the 60-cycle current from the 
power source and the 20-cycle oscillating 
current are in phase through reactor L1. 
The combined current saturates L1 so 
that it no longer offers a high reactance 
to the 60-eycle source, and therefore the 
full input voltage appears across the 
primary winding, and a high voltage 
again appears across the capacitor, either 
aiding its charge or its discharge. It 
should be noted that a discharging cur- 
rent m one direction is also a charging 
current in the opposite direction. 

The 20-eyele output of this generator is 
taken off by means of inductive coupling 
from the tertiary winding, JK. Capaci- 
tor C2 in series with this winding prevents 
overloads from damping excessively the 
20-eyela oscillations. The generator is 
designed for a resistive load, or at least 
for a noninductive load. Any given re- 
sistive load is reflected as resistance into 
winding GE, but the capacitive reactance 
introduced by C2 is reflected as an in- 
ductive reactance (transformer action). 
This reflected inductive reactance com- 
pensates for loss of reactance in the trans- 
former caused by the overload current. 
If the load on the generator is inductive, 
the capacitor action of C2 is disadvan- 
tageous, since its reactance tends to be 
canceled by the load, and therefore ex- 
cessive current will flow in both sides of 
the transformer. 

An additional feature of this generator 
is that transformer T also has a saturable 
core, which helps to maintain a constant 
output voltage with varying input volt- 
ages or with varying load conditions. 
The saturable transformer core also 
iInakes winding GF selfadjusting, so far 
as its mductance is part of the L—C oscil- 
lating crrenit. Under changing load 
currents, its reactance remains constant 
to keep the frequency of the cireuit at 20 
cycles, 


(+) As long as oseillation continues, the cur- 


rent through the relay keeps its contacts 
open. In normal use, therefore, the only 
time the relay operates is after an mter- 
ruption of the 60-cycle supply, such as 
when a heavy overload causes the 3- 
ampere line fuses to blow. When the 60- 
cycle supply is restored, the subeyele con- 
verter starts itself again as deseribed 
above. 

The small tapped saturable inductance, 
L2, is inserted in the circuit to generate 
harmonies that provide a ring-back, or 
reverting, tone in the receiver of the call- 
ing telephone. Since the 20-cycle fre- 
quency of the ringing current is itself 
inaudible in the usual telephone receiver, 
this ring-back tone reassures the caller 
that the called telephone is being rung. 
Even with the addition of the reverting 
tone, the 20-eyele output waveform is 
almost © pure sine wave; this is desirable 
because if causes a uniform ringing of 
the telephone bell and induces a minimum 
of interference in adjacent cireuits. 


d, Advantages of Subeycle Converter. 


(1) Since, during normal operation, the relay 


(+) 


) 


contacts are open continuously, the con- 
verter normally has no moving parts; 
this minimizes maintenance and replace- 


ment of parts. 


The maximum output of the converter ts 


2) -vyolt-amperes, which is sufficient to 
operate 25 ringers simultaneously under 
average line conditions. Under no load, 
the converter consumes only 20 watts of 
power and is therefore very economical to 
operate. 

The operation of the subeyele converter 
is stable and is not affected by relatively 
wide variations in either Ime frequency 
or voltage. This selfregulating charaec- 
teristic maintains better voltage regula- 
tion of the output than could be obtained 
by using a voltage regulator for the in- 
put voltage. From 90 volts no load to 52 
volts full load, the output voltage of the 
converter drops only & volts. 


Pty 


167. Summary 


a. Distributing frames are usec at telephone cen- 


tral offices for the purpose of mounting outside 





and switchboard lines in a permanent, orderly 
manner, , 

b. An IDF may be used, in addition to an, 
MDF, to permit convenient shifting of the op- 
erator’s load without disturbing the office wiring. 

«. Wall frames generally are used in small com- 
mercial offices. Floor-type frames are used in 
small military exchanges. 

d. All floor frames have two sets of terminal 
boards, situated on opposite sides of the frame. 
Usually, the terminals are arranged in vertical 


rows on one side and im horizontal rows on the 


other. 

e. A type 
side is the 
the horizonta 
es. spa jumpers are used to imterconnect 
Ro ea horizontal sides of the main dis- 


A frame is one which the vertical 
ewitehboard side; in a type-B frame, 
| side is connected to the switeh- 


the vertical 


1 eno frame: ee 
er are used to connect the main frame 
. Cables 
J vil 


wnediate frame, and three-wire jumpers 
ee the two sides of the IDF, 

larger military exchanges use & com- 
some ‘nstead of a separate MDF and IDF, 
peers conducted from the distributing 
j. LPR gwitchboard by means of switeh- 
-¢he number of cables used depend- 


eC pte 


Ah 
tot ey 


d cables; t 


Joa the size of the boa rd. 

ing pee rective devices are installed on the main 
. "—() : ‘ 
}: co o frame to protect ihe equipment from 


qjstribul 


hoth nal aril 
Ie, I Tent 
ative 


| and artificial hazards, 
ails are used to euard against the 
effects of small currents which might 


euniul heat when they flow for wacette 


‘e excess! ve 


Je time. 

es are us 
‘oh currents. 

high curl | 

et-outs, or wr-gap arresters, 


produ‘ 
siderab 
7. Rus 


excessively 


Open-space | Pia 
protect against high voltages, such as 


by lightning discharges. 
and open-space cut-outs usually 
smbined in centrval-ollice protectors. 
are CO 7 Se 
es Central-ollice batteries are usually of the lead- 
v. ev . i i + Ye may 
reid type with an emf of 24 or 45 volts. 
acid types . Teak ee EM LES eUb aS 
p Provision 1s made to keep the batteries fully 
vans of a charging system while 


ed to protect equipment against 


Wh. 
ave vised f0 
those prod a0 

nm. Heat eouls 


iced 


charged by me 
they are In use. | 
q. The most commonly used charging methods 
involve the use of motor-generator sets or rect 
fiers. 
ry. Too low battery voltage 1s overcome by use 


of end cells; too high voltage during heavy charg- 
ing is overcome by means of cemf cells. 

s. Rectifiers may be either vacuum or gas-filled 
tubes, such as Tungar tubes, or the met allic disk 
type, such as selenium or copper-oxide rectifiers. 

t. Rectifiers may be designed to operate as half- 
wave, full-wave, or bridge circuits. 

uw. Filters, usually consisting of smoothing 
chokes, are used in conjunction with rectifiers to 
produce an output direct current relatively free 
of a-c ripple. . 

’. The ringing machine is a device used to pro- 
vide ringing current automatically to the switch- 
board, Tt operates from a standard power source, 
converting the a-c or d-c voltage of the source to 
alternating current of the required frequency— 
usually 20 cycles per second. 

Ww. The subeycle static frequency converter is a 
ringing machine designed to provide 20-cycle ring- 
Ing power to as many as 25 ringers. 

#, The efficiency of the subeyele converter is 
relatively high, and it possesses the advantage of 
having no moving parts during normal operation, 


168. Review Questions 


4 What are the principal funetions of dis- 
inibuting frames in central offices? 
o. Describe the wall-type frame; the floor-type 
Trame, | 
ti. r oF 7 rl ae | . . a 
26M hat is meant by the vertical and horizontal 
sides of a distributing frame? 
F F ur of CF Ws . 4 rt 
d. What are the differences between an MDF 
and an IDF? 
7 F + ky Ty 
e, \ hen is it necessary to use both an MDF and 
wn IDI? 
}. Tow are the MDF and the IDF intereon- 
nected ? 
7. Where is a combined frame generally used ? 
h. Draw a diagram tracing a cireuit through a 
combined frame, 
7. What is the function of jumpers in connection 
with distributing frames ? 
j. Deseribe the structure of cables used between 
the distributing frame and the switchboard. 
/:. How are outside eables usually brought m to 
the MDI? 
/, What types of hazards must be guarded 
against in telephone offices / 
m. Name the three general types of protective 
devices used to guard against hazards. 
nm. Deseribe the operation of the alarm-type 
switchboard fuse. 
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o, What two general classes of equipment are 
used for charging central office batteries ? 

p- What are the operating requirements of a 
charging source ? 

g. What are the sources of primary power usu- 
ally provided in central offices? 

r, Explain, with the aid of a diagram, the op- 
eration of a full-wave Tungar rectifier, and a 
bridge-type selenium rectifier. 

s. What is the function of end cells in a central- 
office battery ? 

t. Describe the structure of a cemf cell. 

uw. How are cemf cells used in connection with 
abnormally heavy charging? 
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v. What is a ringing machine ¢ 
does it serve ¢ 

w. With the aid of simplified circuit diagrams, 
describe the operation of the a-c vibrating-reed 
interrupter. 

2, With the aid of simplified circuit diagrams. 
describe the operation of the d-c vibrating-reed 
interrupter. 

y. Deseribe the operation of a subeyele static 
frequency converter during (1) initial starting, 
(2) normal operation. 

2, What circuit constants determine the osceil- 
lating frequency of the subeycle converter? 


t 


What. purpose 











CHAPTER 7 
SOUND-POWERED COMMUNICATIONS 





169. Introduction 


As prev ‘ously explained, the carbon-button 
os xy and the magnetic-diaphragm receiver 
EEAERGY © f hatteries as the initial source 
involve the ae : used as basic components of 
ox | powess ae systems. Externally suppled 
various telepho - - because the carbon-button 
Bae gene “ating device; it operates 
oa that varying resistance in a cham- 
on the prin’ granules causes ¢ corresponding vari- 
ber of ¢ ae rect, current initially produced by 
ations in # i cire it. For certain applic ations, 
A batter, y sabi to communicate by telephone with- 
if batteries. A system that permits 
da sound- powered systen. (ov battery- 


power is 


transmitter’ 
iple 


ei , Sam " 
ese aa 
_.d-Powered Transmitter 
Sound 
70. 


pCEUre . ‘S “w 
: is indicated in the simplified diagram 


901. This transmitter has a ae anent 
30 double pole piec es N-N ands », rep- 

he north and south poles, FAS GEEENEHY: 
resen tin | : between the opposite poles is coil 


o we a4 
In the ) soft-iron armature. The 


nd around a | 
bes yay? yivoted near its center, P. so that 1 
i fe k 
e 1S] limited extent 


rotate vertically to a ) 
direction. A diaphr de Is connected 
ally to the armature by means of « cou- 
2 This permits motion of the dia- 
transferred to the armature, so 

pars ae lia yagi moves downward, the ar- 
thi, 2S me 2 slightly counterclockwise, and as 
the diaphragm moves upward, the armature ro- 
poks slightly clockwise. Adjusting screw SC 
limits downward travel of the armature, 
nals 1 and 2 ter ominate the Ime. - Ca 
hy Operating ie rene i ple, Lhe ie es < ‘n 
sounid-powe red transmitter is based on the Tunda- 
mental principle of electromagnet ic induction, as 
explained in TM 11-681; that 1s, the value of the 
induced emt depends on the number of turns link- 
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Figure 201, 


Sound-powered unit, 
ing the flux and the rate of change of flux, accord- 
ing to the formula, 


Nd. 
— p< io S., 
lt 
The motion required to change the flux linkages 
is derived from the acoustical power driving the 
diaphragm. 


171. Operation 


Assume that the transmitter diaphragm 1s 
moving up and down at a rate corresponding to a 
single-frequency, sine-wave audio note. Figure 
202 shows | eyele of this action. When the dia- 
phragm is at its maximum downward position, as 
in A, the induced voltage is zero, since the move- 
ment of the armature has stopped momentarily 
and the rate of change of flux is zero. As the dia- 
phragm then swings wpward through its center 
position, as in B, the rate of change of flux is at 
% Maximum, since it is changing direction; that 
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Figure 202. Hleetromagnetic induction in sound-powered writ. 


is, the S pole of the armature becomes N and the 
N pole becomes S. The induced voltage is, there- 
fore, a maximum. <As the diaphragm stops mo- 
mentarily at its maximum upward position, as in 
C, the induced voltage again becomes zero, since 
the rate of change of flux is zero. Continuing 
through the rest of the cycle, as the diaphragm 
passes its center position again, as in D, but from 
the opposite direction, the induced voltage is a 
maximum In the opposite direction. The induced 
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voltage is zero again as the diaphragm again 
reaches its maximum downward position, as in K, 
This action repeats for succeeding cycles of the 
audio note, 

b. The illustrations of figure 202 refer to a simple 
sound wave of a single frequency. When the 
sound waves striking the diaphragm are complex, 
as is always the case with speech sounds, the vibra- 
If the 


transmitter is desiened so that its response to all 


tions of the armature also are complex. 











frequencies in the speech range 1s essentially the 
same, the waveshape of the induced emf will be a 
faithful reproduction of the waveshape of the 
sound striking the diaphragm. Therefore, the 
operation described applies to complex waves as 
well as to simple waves. | 
e. The alternate counterclockwise and clockwise 
rotation of the armature results in ths induction 
of a corresponding emt in the coll, ALhis is true 
whether the ends of the coil are open-cireuited 
(not connected to an external load) or terminated 
ina load. If the coil is not connected to a load, 
A aS ‘ent will flow in the coil, However, when a 
Bp Cu ae a transmission line terminated by a 
load, such See eae to the coil, the induced emf 
a nating eurrent of similar wave- 
he coil, in the line, and in the 


receiver, | 
eauses an alte : 
shape to flow ™ 


recelvelr- 


So und-Powered Receiver 
Bre mare The structure of the sownd-pow- 
(te Se -< identical with that of the trans- 
spree 


ered Te jescribed in the preceding paragraphs, 
mitter * eet therefore can be used either as a 
ee or 2 receiver 1 a sound-powered 
mating Principle. wea 
6 6Although the sound-powered recelver is 
-dentical in structure with the sound- 
Jowered transniitter, the principle on 
which its operation is based is different. 
A. figure 203, indicates that when a coil 
6 wound around a soft-iron armature, 
and eurrent 1s introduced in the coil, a 
magnetic field builds up around the coil. 
The magnetic lines of force through the 
armature make it an electromagnet. 
when the north pole of this electromag- 


t is brought near the south pole of 
eb oS of 


another ae ora Pano fe 
Inced and, if ihe electromagnet is 


at its center so that it 1s free to 
‘he force of attraction causes a 
counterclockwise rotation of the electro- 
magnet shown in Lb. i the north pole 
of the electromagnet 1s used imstead, a 
foree of repulsion will be produced, eaus- 
» clockwise rotation of the electro- 
The sound-powered receiver 


magnet, a force of attraction is 
prot 
pivoted 
rotate, 


ing: 
magnet. red 
contains an electromagnet (acting as an 
armature) moved by forces ot both at- 
traction and repulsion. 
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Figure 208. Magnetic field around current-bearing 


solenoid. 


(2) The polarity of an electromagnet can be 
determined by applying the following 
rule: When the coil is grasped with the 
left hand so that the fingers encirele it in 
the direction in which the electrons are 
moving, the outstretched thumb points in 
the direction of the north pole. 


173. Operation of Sound-Powered Receiver 


The application of the electromagnet principle 
to the sound-powered receiver is shown in figure 
U4. 

a. The single cycle of alternating emf induced 
in the coil of the transmitter unit, as previously 
stated, causes an alternating current to flow 
through the transmission line into the coil of the 
receiver unit. At the beginning of a cycle, when 
the current has zero value, as in A, no magnetic 
field is produced around the armature (electro- 
magnet) and, consequently, it exhibits no polarity. 
No interaction takes place between the armature 
and the permanent magnet, and the armature is at 
its horizontal, in-between position of rest. The 
armature is coupled to the diaphragm in such a 
manner that it also has its in-between position of 
rest. 

b. The current now begins to increase, as in B, 


211 








CURRENT AND 
DIAPHRAGM MOTION 





TM 6768-46 


Figure ous. Action of sound-poirered reeerver. 


Assume that the direction of the current is such 
that the left end of the armature becomes a north 
pole, The armature rotates counterclockwise, its 
left end moves downward, being repelled by the 
left north pole and attracted by the left south pole 
of the permanent magnet, and, at the same time, 
the right end of the armature (now a south pole) 
moves upward because of a similar interaction with 
the permanent magnet. As the current ap- 
proaches its maximum value, the downward dis- 
placement of the left side of the armature and the 
diaphragm to which it is coupled mechanically 
approach maximum. 
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ce. After reaching its maximum value, the eur 
rent, though still flowing in the same direction, de- 
creases toward zero, as in C. As it does so, the 
magnetic field around the armature decreases of 
becomes weaker, and thus the forces acting to re 
tate the armature are diminished, When the 
armature is moved from its normal position 1 
either a clockwise or a counterclockwise direction: 
a force is transmitted from the armature to the 
diaphragm through the mechanical coupling, R 
(fig. 201). This foree will cause the diaphragm 
to bend at its center in a direction determined by 


the direction of the applied force. As the forees 








ne 


diminish between the permanent magnet and the 


armature, the diaphragm tends to return to its 
normal position ; in doing this, 1t acts through the 
mechanical coupling to restore the armature to its 
normal position. 

J. The current now changes direction and be- 
gins to increase nega tively in magnitude, as in D. 
The change in direction reverses the polarity of 
the electromagnet, the armature rotates clockwise, 
and the left end moves up from its in-between 
position of rest. When the current becomes max- 
mum in this opposite direction, the diaphragm 
reaches its maximum upward displacement. 

» After reaching maximum, the current agam 
P decrease toward zero, as in EK. ‘The 
the armature field diminishes, allow- 
; amature to be ret rned toward its neutral 
ing the» The left end of the armature and the 
; | e downward until, at the imstant 
diaphras™™ reaches Zero, they again veach their 
the current osition of rest. ‘This instant coin- 
in-bet ee and of a complete cycle of current, 
eides We eee and diaphragm displacement. | 
a the diaphragm vibrates down and wp 
odance with variations of current in the re- 
Se rOile, SUCCESSIVE vibrations of the dia- 

»yrouuce alternate condensations and rare- 
phe «= of the adjacent air particles, and so gen- 
{Sad WiVes having variations ol wm plitude 
* eyeq tency which correspond to those of the 
¢ waves. Since the current waves are of the 

rm as the voltage waves generated at the 

vittels the sound waves produced by the 
SA of the diaphragm of the receiver are es- 
ni of the same waveshape as those intro- 
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luced at the transnutter, 
duced at 


The explanation just given is based on the 
es of a simple sine-wave current, but the opera- 
Lion of the eound-powered receiver is essentially 
arts same for the actual complex waves involved in 


the transmission of speech. 


174. Simple Sound-Powered System 


An extremely wep 
fwooway communication may consist 


simple sound-powered system 


syitable for 
of two identic 
(eansmission line 
is connected to the cols of the two 
Operation requires no 


al sound-powered units connected 
| we ‘) * ry c ve ‘a 
by a (fig, 205). The trans 
mission line 7 
units at stations A and B. 


battery or other external source of power. For 


conversation, eac 
mitter when he wishes to speak, and as a receiver 


lh person uses lis init as a trans- 


TRANSMISSION LINE | 





TM 676-47 
Figure 204. Simple samid-powcred system, 
when he wishes to hear the works spoken at the 
other end of the line. However, an important 
component of a practical telephone system 1s 
missing—a means for signaling or ringing to 
Initiate a conversation. ‘This omission makes the 
system impractical, except for special applications 
Where signaling is not important. Crews in- 
stalling tower antennas, for example, may use 
sound-powered systems for convenient communi- 
cation between the tower and the point where the 
set is being adjusted. | 


175. Practical Sound-Powered System 


i. Description. The practical sound-powered 
telephone circuit shown in figure 206 consists of 
three parallel branches. One branch contains a 
sound-powered handset in series with the lne 
through capacitor C1; the second branch contains 
the ringer in series with capacitor C2 and a neon 
lamp: the third branch contains a hand generator. 

(1) The handset is connected permanently 
across the line in series with capacitor C1, 
usually of .5-pf capacity. Since the im- 
pedance of this eapacitor is relatively 
high at low frequencies, capacitor C1 lim- 
its the low-frequency signaling current 
through the handset and blocks de. 
However, at voice frequencies, Cl has a 
relatively low impedance and does not 
limit the voice-frequency currents appre- 
clably, 

(2) The ringer, capacitor C2, and the neon 
lamp which constitute the second parallel 
branch operate on 16- to 20-eycle ac. 
Screw switch Si permits the lamp to be 
shorted out, making possible the use ot 
either lamp or bell for sionaling, to suit 
the tactical situation, When the switch 
is in the (open) position indicated, the 
lamp is in series with capacitor C2 and 
the ringer. Since the lamp offers a rela- 
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Figure 206, Practical sound-powered circuit. 


tively high impedance to the ringing cur- 
rent, the ringer will not operate in this 
position; however, because the lamp re- 
quires only a small current to operate, it 
will light when ringing current from a 
distant telephone is applied. When the 
switch is thrown to the other (closed) 
position, the lamp is shorted out and the 
ringer will operate. The inductance of 
the ringer circuit offers low impedance to 
the low-frequency ringing current, but 
high impedance to the voice-frequency 
currents; consequently, it does not inter- 
fere with voice transmission. Capacitor 
C, is usually of 1.9-yf capacity. Tt is 
used to prevent de from magnetizing the 
ringer coils and interfering with proper 
operation. It also helps to balance the 
line impedance. 

The third branch contains a generator 
used to generate the low-frequency ring- 
ing current for signaling the distant tele- 
phone. The generator switch connects 
the generator across the line and discon- 
nects the adjoining ringing circuit, so that 
the ringing current produced by the gen- 
erator cannot pass through the ringer of 
the same telephone. The indicated posi- 


tion of the switch shows the generator 
removed from the line for normal opera- 
tion of the talking cireuit. ‘The genera- 
tor is of the magneto type previously 
described. 

b. Normal Operation. For normal operation 
in a practical sound-powered system, two sound- 
powered handsets are connected to form a com- 
plete circuit. When the telephones are used on 
a two-conductor line (a metallic circuit), the ends 
of the conductors are connected to binding posts 
L1 and L2 at each end of the line (only one pair 
shown in fig. 206). When the telephones are m- 
stalled on a single-conductor line (a ground- 
return circuit), the ends of the single conductor 
are connected to binding post Li (or L2), and 
the other binding posts are connected to good 
erounds. 

ce. Modern’ Sound-Powered Handset. Figure 
207 is an exploded view of a handset used with one 
of the commonly used sound-powered telephone 
systems. The transmitter and receiver units of 
the handset are not interchangeable. They are 
designed in such a way that they cannot be m- 
serted in the wrong place, and they differ in the 
kind of acoustical openings placed over the dia- 
phragm. Each unit is held in place by a plastic 
‘ap and retainer ring. 
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176. Comparison of Battery- and Sound- 
Powered Telephone Systems 


Advantages of Sound-Powered Telephone 
Systems. The most obvious advantage of sound- 
powered over battery-powered telephone systems 
is the fact that they do not require batteries or 
similar sources of power. This feature gives them 
applications which the other types do not have. 
Sound-powered systems possess other advantages, 
however. ‘The transmitter and receiver units used 
in them usually are more rugged. They are less 
likely to produce <listortion of the waveforms of 
the incident sound, and this makes the sound gen- 
erated by the receiver a closer reproduction of the 
sound introduced at the transmitter, They have 
a better frequency response, which helps to im- 
prove the quality of the sound reproduced by the 
receiver, Finally, they are more compact, which 
is a decided advantage where portability is an 
important consideration. 

b. Limitations of Sound-Powered Telephone 
Systems. ‘The atest limitation of sound- 
powered systems, and one which may outweigh 
all their advantages, is the relatively short «is- 
tance over which they ean be used. This limita- 
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sonnd-powered handset. 


tion arises from the fact that the emf induced in 
the coil of the sound-powered transmitter is much 
smaller than the emf induced in the secondary of 
the induction coil in the carbon transmitter, For 
incident sounds of normal intensity, the induced 
emf is approximately 25 millivolts. This means 
that the current flowing in the transmitter eoj] 
is extremely small, and the current reaching the 
receiver coil is still smaller, because of the losses 
‘nvolved in transmission over wires. In order 
to reduce these losses to a degree that allows the 
current im the receiver coil to be sufficiently laree 
to operate the receiver properly, the line length 
must be held to a minimum. ‘Thuis consideration 
restricts the use of sound-powered systems to dis- 
tances of about 4 miles of Army field wire. One 
method of overcoming this limitation might be 
(o speak more loudly, if possible; but this would 
overburden the speakers, and would be scientifi- 
cally impractical, since it would make for greater 
distortion of the sound. Another method of over- 
coming the distance restriction would entail the 
use of amplifiers, but this would add to costs-and 
remove the important advantage of portability. 
As long as a sound-powered system is operated 
within its limitations, satisfactory communiea- 
tion can be achieved. 
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177. Summary 


a. Sound-powered telephone systems provide a 
convenient means of communication, since they 
do not require batteries or other external sources 
of power. 

6. Sound-powered transmitters operate on the 
same principle that governs the operation of elec- 
(ric generators. Sound waves, striking the dia- 
phragm of the transmitter, cause it to vibrate. 
This vibration is transferred to an armature that 
moves within a magnetic field. When a coil is 
wound around the armature, the resulting vibra- 
tion of the coil within the magnetic field causes 
an alternating emf to be induced in the coil. 

e. When the sound-powered transmitter coil is 
connected to a sound-powered receiver by means 
of a transmission line, the alternating emf induced 
in the coil results in the flow of alternating cur- 
rent of similar waveform in the cireuit. 

d. ‘Vhe sound-powered receiver is an electro- 
magnetic device. The alternating current flow- 
ing in the receiver coil sets up a varying magnetic 
field around the coil. This field interacts with 
the held of a permanent magnet and produces 
vibration of a soft-iron armature within the field, 
The vibration is transferred to a diaphragm, re- 
sulting in the reproduction of sound waves of 
similar waveform to the current in the coil, 

e. Simple sound-powered systems consist of two 
identical units, one serving as the transmitter and 
the other as the receiver, 

/. The more practical systems include provi- 
sions for signaling from one station to the other, 
They contain generators for producing the ring- 
ing current, and ringers for alerting personnel, 

7. Besides the obvious advantage of not re- 
quiring external sources of power for their opera- 
tion, sound-powered systems possess the additional 
advantage of more rugged components, better fre- 
quency response, and portability. 

h. The chief limitation of sound-powered sys- 
tems 1s the relatively small distance over which 
they may be operated. This is because the alter- 
nating emf induced in the transmitter coil is very 
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small, resulting in correspondingly small currents 
in the coil of the receiver at the distant station. 


178. Review Questions 


a. What is meant by the term sound-powered ? 

b. Discuss briefly, with the aid of a diagram, 
the operating principle of the sound-powered 
transmitter, 

e. On what factors does the magnitude of the 
emf induced in the coil of this type of transmitter 
depend 4 

d. Why is a soft-iron armature used in the 
sound-powered unit 4 

e. Under what condition will the emf induced 
in the coil of the transmitter cause a correspond- 
ing flow of current ¢ 

/. Diseuss briefly, with the aid of a diagram, 
the operating principle of the sound-powered 
receiver, 

g. Is the diaphragm used in the sound-powered 
receiver of a magnetic material? 
Explain. 

A. Explain why the same unit may be used as 
either transmitter or receiver in a sound-powered 
system, 

i. Referring to figure 206, explain briefly the 
function of the following components: capacitor 
Cl, serew switeh Sl, the generator switch, and 
capacitor C2. 

j. Does the path containing the ringer olfer a 
relatively high or low impedance to (1) voice eur 
rents, (2) ringme current? IExplain., 

hy. Draw a block diagram of a simple sound- 
powered system. 

7. What are some possible applications of sound- 


constructed 


powered systems 4 

m. List some of the advantages of sound-pow- 
ered systems over battery-powerecl systems. 

n. What is the major limitation of sound-pow- 
ered systems ¢ 

o. What are the objections to attempting to i- 
crease the distance over which sound-powered tele- 
phones can be used effectively by (1) speaking 


more loudly, (2) using amplifiers along the line! 





CHAPTER 8 
TRANSMISSION LINES 





179. Introduction 


The preceding chapters have discussed all the 
basic elements of the local- and common-battery 
telephone systems except one—the transmission 
line. ‘Telephone sets, switchboards, and their com- 
ponents were explained in detail, but the trans- 
mission line was considered only as a metallic 
conductor for signals traveling between the in- 
dividual telephone sets and the interconnecting 
switchboard. ‘The transmission line is a major 
element in all telephone systems, however, for it 
presents problems which vitally affect practical 
operation. Chief among these problems are the 
power losses along the lines, and the distortion and 
interference which result from interaction between 
adjacent lines. ‘This chapter explains these prob- 
lems and their solutions, 


180. Types of Transmission Lines 


Before considering the electrical characteristics 
of transmission lines, this paragraph describes the 
physical characteristics of some of the types of 
lines in common use. ‘Three main classes of trans- 
mission lines are used in military telephone in- 
stallations: open-wire lines, cables, and field wires. 

a. Open-Wire Lines. 

(1) Open-wire lines are parallel bare con- 
ductors strung on electrical insulators 
mounted on the cross arms of telephone 
poles, as shown in figure 208. The wires 
may be made of hard-drawn copper, steel, 
copper-galvanized steel, or iron. ‘Two 
wires constitute a line. The two wires of 
i line are spaced a standard distance 
apart, usually 8 inches. When more than 
one pair of wires are strung on the same 
poles, the spacing between wires usually 
is LO or 12 inches, depending on the type 
of cross arm in use. 

(2) The wire diameters most frequently used 
for open-wire lines range from 80 mils to 
165 mils (1 mil is equivalent to 1/1,000 
inch), 





h. Cables. 
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Figure 208 Open-wire line. 


Cables may be described as consist- 


ing of one or more pairs of wires, each wire indi- 
vidually insulated; the wires of a pair are twisted 
together, the pairs usually are twisted together, 
and the entire group is covered with an outer eovy- 
ering. ‘Two types of cable frequently used in mili- 
tary installations are illustrated in figure 209, 

(1) Spiral-four cable contains four con- 


ductors, in two pairs (fig. 209). Baeh 
conductor is made up of seven strands of 
copper, and is covered with a polyethylene 
insulation. ‘The insulation on one pair 
of conductors is hight colored, and that on 
the other pair is dark, to facilitate iden- 
tification of circuits. The insulated con- 
ductors are spiraled around a polyethy- 
lene core. <A polyethylene be/¢ surrounds 
the spiraled conductors, and is in turn 
surrounded by black carbon tape. Around 
the tape is a stamless-steel braid, to pro- 
vide mechanical strength for the cable. 
This is covered by an outer jacket of 
vinyl. 

Five-pair rubber cable contains ten con- 
ductors, arranged in five pairs, as shown, 
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Figure 209, 


Kach conductor is a tinned solid-copper 
wire, covered with rubber or latex insu- 
lation. The insulation on one wire of 
each pair is white and the insulation on 
the other wires is color-coded for identi- 
fication, a different color insulation being 
used for each wire—red, yellow, green, 
blue, and black. The outer covering is 
made of buna (a synthetic rubber), which 
incloses, in addition to the ten conductors, 
five strands of jute twine, inserted as 
filler and for mechanical strength. 

Toll cable (not illustrated) differs from 
the two types just described primarily in 
that its outermost covering is made of 
lead. In general, it is used in permanent 
installations for long-distance transmis- 
sion, and either may be strung overhead 
on poles, or installed underground. ‘The 
conductors usually are twisted pairs of 
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Types of cables. 


annealed copper wire, insulated either by 

spirally wound paper tape or by a cover- 

ing formed on the wires from paper pulp. 

The wire sizes customarily used are #19 

and +16 AWG, although smaller wires 
sometimes are used for short distances. 

¢. Tield-Wire Lines. Field 

simple pairs of insulated wire twisted together. 

ield-wire lines are used in military appliations 

for emergency and temporary installations. ‘They 

are used primarily for short lines, because of their 

high transmission loss. The military designa- 

tions for the field wires most commonly used are 

W-110-B, WD-14/TT, and WD-1/TT (the latter 

type illustrated in fig. 209). Each of the two con- 

ductors has seven strands, of which four are copper 

and three are steel. Each seven strand conductor 

is covered with polyethylene insulation and an 

outer protective covering of nylon, 
d, Talking Range o} Lines. 


wires consist of 


Although field 
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Figure 210, Arrangement of tictn pair. 

wires as a rule are used as single pairs, two pairs 
oecasionally are used in order to extend the talking 
range (fig. 210). The two wires of one pair are 
connected to form one conductor of the line, and 
the two wires of the other pair are connected to 
form the other conductor of the line. In this 
way, the resistance of the line is cut in half, thus 
extending its useful range. The talking ranges 
under yarious operating conditions of a single pair 
and of a twin pair (of wires) are shown in the 
table below. The range for wire laid on the 
ground is lower than the range for the same wire 
string above the ground. Wetness (rain or, 
sometimes, heavy dew) greatly reduces the range 
of all the wires when they are used without 
insulators. 


Single pair Twin mir 
(in miles) | Cin males) 
= — 





Strung on | 
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out insulg- | eround (s- 
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W-110-B_ | 11 |) 18 | 65 | 65.) 25 | 65: | 15) 68 

WD-14/TT_. 12 20 | 70 | 70 | 27 | 70:| 17 | 70 

WD-1/TT. | 12} 20 | 70] 70] 271 701 17] 70 
| | 


181. Characteristics of Transmission Line 


“. Eleetrical Length of Line, An important 
characteristic of a transmission line, significant 
in determining its behavior, is its e/ectrical length. 
The electrical length expresses the relationship 


between the length of a line and the wavelength 

of the signal being transmitted over the line. The 

wavelength of an electrical wave is defined as the 
velocity with which the wave is traveling along 
the conductor divided by the frequency of the 
signal, or 

wavelength= re cLy 

Trequency 

The velocity of propagation at 1,000 eyeles per 

second on open-wire lines varies from 176,000 

to 180,000 miles per second, approximately; on 

nonloaded toll eables, it varies from 47,600 to 

65,300 miles per second, approximately, for the 

sizes Customarily used. 

(1) Short lines. A short line may be defined 
as one in which the length of the line ts 
considerably shorter than the wavelength 
of the transmitted signal. A, figure 211. 
represents a line that is electrically short. 
This line is 1 loop mile in length. The 
signal applied to the sending end of the 
line has a frequency of 1,000 cycles; 
therefore, if the velocity is assumed to 
be 180,000 miles per second, the wave- 
length of the signal is 180 miles, or the 
1-mile line is 1/180 of a wavelength elec- 
trically. A line 1 mile long having a ve- 
locity of propagation of 60,000 miles per 
second is 1/60 of a wavelength electri- 
cally. Although both lines, or pairs, are 
1 mile in physical length, the slower cir- 
cuit is electrically three times as long as 
the faster circuit. Note that electrical 
length as defined here is based on phase 
change per unit length, in contrast to 
electrical length based on attenuation per 
unit, length. 

(2) Long lines. A long line may be defined 
as one in which the length of the line is 
approximately equal to, or longer than, 
the wavelength of the transmitted signal. 
B, figure 211, represents a line that 1s 
electrically long, for the line is 860 miles 
in length and it carries a 1,000-cyele sig- 
nal having a wavelength of 180 miles, 
As the wave travels along this line, two 
complete voltage and current waves exist 
on it at any single instant of time. Un- 
der different circumstances, the same line 
may behave either as an electrically short 
or an electrically long line. For example, 
if the line shown in A, figure 211, is ener- 
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Figure 211, Short and long Mires, 


gized by a signal having a frequency of 
200,000 cycles, corresponding to a wave- 
length of .9 mile, it is considered (and 
behaves like) a long lime: or, if the line 
shown in B is energized by a signal hav- 
ing a frequency of 60 cycles, correspond- 
ing to a wavelength of 3,000 miles, it is 
considered (and behaves like) a short 

line. 
bh. Line Parameters. 
cause of their basic structure, possess certain /ine 
parameters. ‘These parameters, commonly called 
constants, comprise series resistance, R, series in- 
ductance, L, shunt capacitance, C, and shunt-leak- 
age conductance, G—all these with respect to a 
unit length, usually a mile. The numerical values 
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Short line and its equivalent circuit (hemped 
eqnaetants). 


Figure 212. 


of these constants not only depend on the size of 
the conductors, their spacing, and insulation, but 
also vary with the frequency of the transmitted 
signal and the weather conditions. 

(1) Constants. The four line parameters 
mentioned above are distributed along 
the entire length of the line and for this 
reason are called distributed constants. 
If the parameters had been concentrated 
in one place, for example, the way a re- 
sistor concentrates resistance, they would 
have been called amped constants, In 
the study of transmission lines, a trans- 
mission line is shown in the form of an 
equivalent circuit in which the distrib- 
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Figure 213. 
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Long line and its equivalent circuit (distributed constants), 





uted constants for a given length are 182. Characteristic Impedance 
shown in the form of lumped constants 
(fig.212). ‘The series resistance, R, series 
inductance, L, shunt capacitance, C, and 
shunt conductance, G, for a unit length 
of 1 mile, are shown as lumped constants. 
A long transmission line ean be consid- 
| ered to be made up of a series of unit 

sections (fig. 213). In this case, five sec- 
| tions are used to represent the 360-mile 


The characteristic impedance, Zo, of a network 
is the value of oad impedance which makes the 
impedance at the ¢nput terminals of the network 
equal to the load impedance. The tee and pi sec- 
tions of figure 214 help to explain this. For ex- 
ample, in the tee section of A, the load impedance, 
Zr, is 600 ohms. This resistor is In series with the 
right-hand 200-ohm resistor of the section, making 
jisic.ao that each section kentesentsanyone) combined resistance of 800 ohms, Combining 
| Pilla lanethiof the lines Ansfreonsentent this resistance with the 800-ohm shunt resistor of ‘ 
length can be used as the unit length, but : eo rete gives 400 ohms. Finally, by adding 
Gerla ia the preferred lanetln ity Wane the left-hand Se resistor to 400 ohms, the 
this method to represent transmission ape see ie = ae axe eee teres 
Pir ho stud of there bakkie wee Since t us 18 the Baar value as the terminating or 
olified Eeeaae load resistance, the characteristic impedance of 
Ry ee this tee section is said to be 600 ohms. A similar 
(2) Values for distributed constants, Values ‘alculation can be made for the pi section shown 
for distributed constants of commonly in B, the characteristic impedance of which is also 
ct en See nonloaded cables 600 ae Since a change in the values of the 
re given in the table below, No i ‘or i = 
aa the wire diameter of an open-w . - at elements of the network changes = = en 
increases, the ser les resist: nce dee! reases eves} ee ay Send ees ii aa 
can) work is a property which depends on the elements 
appreciably and the series inductance de- ne -ork 
creases only slightly; the shunt capac- Bonet ie De an eins 
itance inereases shghtly and the shunt 
conductance does not change. This is be- 
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cause the shunt conductance is actually Zs = 6000 Zp *600n 
leakage conductance, and depends only on 


the nature of the insulating material 

separating the wires. In the case of A 
cables, only the series resistance decreases 
as the wire size increases (lower gage 
number), the other constants remaining 


450n 


ZR =600n 


essentially constant. 
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= 2 as ——— TM 678-54 | 
ie | c | Gq Figure 214. Tee and pi sections terminated in Zo. ] 
faarnis) (he vat sya en ro- | (mi- . 
| aricds) | erolnis) ee d 
| | ———— a. Long Lines. The characteristic impedance | 


of a long line is deter mined by its distributed con- 


104 mils =8 |10. 36), 00340), 00005, 29 
“Depending on the type of line, the charac- 


inches. | | | stants. 
Open-wire |] 128 mils=8 | 6. 87). 00327.00944 .29 teristic impedance may be nearly a pure resistance, 
inches, | | | | as in the case of low-loss open-wire lines, or may 


165 mils=8 | 4. 19. 00310). 00996 29 : ¥ kyet e Reg 
ee PMY OOSTY. O06, 29 consist of both resistance and capacitive reactance, 


| inches, | | 
3 \' a i! tz Bf us in the case of cables. For example, the charac- rd 
Nonloaded ‘(#19 AWG. __.| 86.0! .001! .062 1.4 — teristic impedance of a 165-mil, two-wire, open- | 
cable. #16 AWG 42, 0 001) .062) 14 wire line at a frequency of 1,000 cycles comprises os 
| | " 1. ys . 
= | | a resistance of 562 ohms and a capacitive reactance 
' ; 
f 
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of 58 ohms. Note that the resistance is nearly 
10 times the capacitive reactance. On the other 
hand, the characteristic impedance of a 19-gage 
cable at the same frequency comprises a resistance 
of 340 ohms and a capacitive reactance of 314 
ohms. It is this quality of cables that accounts 
for the low wave-propagation velocity of signals 
transmitted over them. | 

b. Characteristic Impedance. Figure 215 aids 
in understanding the development of the charac- 
teristic impedance of a long line. In order to 
simplify the calculations, the basic section of the 
line is represented as a tee section containing only 
resistance. If the single section shown in A is 
open-circuited, the sending end, or input imped- 
ance, Es, is 200 olims in series with 800 ohms, or 
1,000 ohms. If a second section now is connected 


to the input terminals of the first section, as m 
B, the right-hand 200-ohm resistance of this see- 
ond section adds to the 1,000-ohm input resistance 
of the first section, giving a combined resistance 
of 1,200 ohms. This is combined in parallel with 
the shunt resistance of 800 ohms, making the 
equivalent resistance 480 ohms. Finally, adding 
this in series with the left-hand 200-ohm resist- 
ance, the input resistance for the two sections is 
found to be 680 ohms. Using a similar sequence 
of calculations, the input impedance for three sec- 
tions can be shown to be 620 ohms, as in C. As 
more sections are added, the input impedance 
dlecreases slowly, approaching cl steady value of 
600 ohms in D, This value is the characteristic 
impedance of the long line. 


ce. Impedance Measurements. The characteris- 
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Figure 216. 
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Characteristic impedance of long line. 





tic impedance of an open-wire line or cable can be 
determined by making two impedance measure- 
ments. First, the impedance at the sending (near) 


end is measured with the receiving (distant) end 


open-circuited. This gives the open-circuit im- 
pedance, Zoc. ‘Then the imepdance at the sending 
end is measured with the distant end short- 
circuited. This gives the short-circuited imped- 
ance, Zsq. The characteristic impedance can be 
calculated from these two measured impedances 
by using the following formula: 


Zo — Wi aocae 


In A, Zoe for the single section is 1,000 ohms, and 
Zee is 200 ohms in series with the combined resist- 
ance of 200 ohms and 800 ohms in parallel, or 
860 ohms. Substituting these two values in the 


formula, Zo is found to be 4/1,000 times 360, or 


600 ohms. In other words, for a uniform line, the 
characteristic impedance of the entire line is the 
same as that of a single section of the line. 
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Figure 216, Power transfer to variable load, 


183. Transfer of Power to Transmission Line 


Since a transmission line may cause considerable 
power loss, it is important in telephone communi- 
‘ations that lines be designed in such a way that 
maximum power is transferred from the trans- 
mitter to the receiver. 

a, Maximum Power Transfer. 

(1) The condition for maximum power trans- 


(4) 


fer from a source to a load can be devel- 
oped with the aid of figure 216. In A, 
a 12-volt generator with an internal re- 
sistance, Rg, of 600 ohms is connected to 
a load resistance, Ry, of 400 ohms. Ap- 
plying Ohim’s law, current I is 12/1,000 
ampere, or 12 ma. The power delivered 
to the load is found by using the relation 
I*R,,, where I is in ma, Ry, is in kilohms, 
and P is inmw (milliwatts). The power 
delivered to the 400-ohm (.4 kilohm) load 
is 57.6 mw. 

B shows the same circuit with the load 
resistance changed to 900 ohms. ‘The 
current is now 12/1,500 ampere, or 8 ma. 
The power delivered to the load is there- 
fore (8)? times .9, or 57.6 mw. Note 
that this is the same load power as that 
produced for the conditions given in A. 
In ©, the load is changed to 600 ohms, the 
same value as Re. The current becomes 
12/1200 ampere, or 10 ma, and the load 
power is now (10)? times .6, or 60 mw, 
This is larger than the load power ob- 
tained under the conditions shown in A 
and B, 

If the load resistance is changed to values 
above and below 600 ohms, the corre- 
sponding values of power delivered to 
the load can be caleulated by the method 
used in the previous examples, The re- 
sults of such calculations are shown in the 
table below. From these data may be 
plotted a power-transfer curve, such as 
that of igure 217. It can be seen from 
the tabulation of load power versus load 
resistance that maximum power 1s trans- 
ferred from a generator to a load when 
the vesistance of the load equals the in- 
ternal resistance of the generator. This 
relationship is called the mavimum power 
transfer theorem for resistive networks. 
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Figure 217. Variation of power transfer. 

b. Application of Maximum Power Transfer 
Theorem to Transmission Line. Figure 218 il- 
lustrates the application of the maximum power 
transfer theorem to transmission lines, For sim- 
plicity, the transmission line under consideration 
is assumed to be replaced by a tee section com- 
posed of pure resistances. The characteristic im- 
pedance of such a section has been shown to be a 
pure resistance of 600 ohms (fig, 214). 

(1) In A, figure 218, the line is shown to be 
terminated in a resistance of 66.7 ohms. 
By using the methods previously dis- 
cussed for combining series-parallel re- 
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O78 Power transfer from transmission Tine to 


load, 


sistances, the resistance at the input ter- 
minals of the line, Z, is found to be 400 
ohms. From the table in a(4) above, 
the current and power in a 400-ohm re- 
sistance connected to a 12-volt generator 
in series with an internal resistance of 
600 ohms are 12 ma and 57.6 mw, re- 
spectively. However, these are values for 
current and power at the inpué terminals 
of the circuit. By applying the laws of 
division of current in parallel circuits, 
the line current of 12 ma divides so that 
3 ma flow through the shunt 800-ohm re- 
sistance of the tee section, and 9 ma flow 
through the actual load of 66.7 ohms. 
The power delivered to this load is there- 
fore 5.4 mw. 

In B, the load resistance is changed to 
5,400 ohms. ‘This value makes the re- 
sistance at the input terminals of the line 
900 ohms. ‘Therefore, the line current is 
8 ma, and the power delivered to the input 
terminals of the line is 57.6 mw. Again, 





applying the laws of division of current 
in parallel circuits, the current through 
the shunt 800-ohms resistance is found to 
be 7 ma, so that the load current is 1 ma, 
The load power again is shown to be 
4 mw. 
(3) Finally, in C, the line is terminated in 
600 ohms, the characteristic resistance of 
the line. Therefore, the input resistance 
of the line is 600 ohms (by the definition 
of characteristic resistance). Referring 
to ©, figure 218, the line current and the 
power delivered to the input terminals 
of the line are now 10 ma and 60 mw, 
respectively. Since the two parallel 
branches are equal in resistance (800 
ohms), the load current is one-half of 
the line current, or 5 ma. This makes 
the load power (5)* times .6, or 15 mw. 
This is only one-fourth of the input 
power because of the attenuation of the 
line, but if is considerably greater than 
the load power obtained for the values 
of load impedance shown in A and B. 
The power delivered to a load resistance 
varied on either side of 600 ohms in such 
a circuit is tabulated in the table below. 
The tabulation shows that maximum 
power is transferred to the load by the 
transmission line when the line is termi- 
nated in its characteristic resistance (600 
ohms, in this example). Note that, al- 
though the input power varies only 
slightly when the termination is not Z,, 
the load power varies considerably from 
its maximum value. In order to reduce 
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184. Attenuation 


Attenuation is the term used to express the loss 
of power that occurs in a network or transmis- 
sion line. This loss is attributable to the line 
parameters, especially the series resistance and 
shunt conductance. These constants, whether 
distributed or lumped, dissipate power in the line 
und therefore cause the output power of the 
line to be less than its put power. ‘This is illus- 
trated in figure 218, and in the table (par. 
1835(4)). For example, in C, the power deliv- 
ered to the line is 60 mw, whereas the load power 
is only 15 mw. The difference in power, 45 mw, 
is dissipated in the three resistances of the tee 
section. By noting the currents in these resist- 
ances, it will be seen that the left-hand 200-ohm 
resistance dissipates (10)* times .2, or 20 mw; the 
right-hand 200-ohm resistance dissipates (5)? 
times .2, or 5 mw; and the shunt 800-ohm resist- 
ance dissipates (5)? times .8, or 20 mw. Thus, 
the total dissipation is 45 mw. 

a. Decibel. Ordinarily, the attenuation of a 
line is expressed as a ratio of input to output 
power, To simplify such calculations, the dd 
(decibel) has been adopted as a measure of at- 
tenuation. A decibel is defined as the attenuation 
which oceurs on a line when the ratio of input 
to output power is 1.25, The total attenuation in 
decibels of a transmission line can be calculated 
hy using the following formula: 


Attennationan db=10 log. 2UPUY power 
output power 

In C, figure 218, the ratio of input to output power 
is 60/15, or 4. The attenuation in db therefore 





the line loss toa minimum, therefore, the —_ is 10 log 4, or 6 db. Similarly, m A and B, the 
line must be terminated in its charac- power ratio is 57.6/5.4, or 10.67; the attenuation 
feristic impedance. is therefore 10 log 10.67, or 10.28 db. 
>. ean case ial h. DB Table. In order to facilitate calculation 
Re Inpotre- | Line Lond Input | Load | Line a Pets . ‘ db h 
ieioonp) | peace, | current | currunt | power | power loss of line loss, the attenuations in db and the power 
(kilohims) | (mi) (mn) (mw) | (mw) (mw) ; ao ; 
— — — ratios to which they correspond are tabulated in 
| | ‘able v The 2 power ratio is an 
MO} 0.26125 lino | 561) 00 | 361 the table below. When the poy | t 
meee | 6 Cle 12,00 | 0 | «87.6 | 54 | 52.2 exact power of 10, such as 100 or 1,000, the attenu- 
“| | 6 10.9 | 6,81) 5925/1380 | 465 ation is 10 times the number of zeros in the ratio. 
See OO 5-0 | 60.0 , : * | oy ; For example, when the ratio is 100 (two zeros), the 
| | max) | (min . . : . . was 
13a. | 02S? «| 9.25) 3.47) 59.8] 13.65! 46,15 attenuation is 10 times 9, or 20 db. | Similarly, 
— 8 186 | 245 | 59.0] 10.2 | 48.8 when the ratio is 10,000 (four zeros) the attenua- 
a) (BO | LO | 576) SA | 522 tion is 10 times 4, or 40 db, The attenuation cor- 
pruo | 25 | .0 | 562) .0 | 562 


responding to a power ratio which is found to be 
1 multiple of a power of 10, such as 5,000, can be 





1Open cireuit. 


225 





found by adding the attenuations corresponding 
to the multiple to the power of 10. For example, 
when the power ratio is 5,000, the attenuation is 
found to be 7 (corresponding to the multiple 5 in 
the table) plus 30 (corresponding to 1,000), or 
37 db. By using this method, the reader can verity 
the fact that the attenuation corresponding to a 
power ratio of 200 is 25 db, and that the attenua- 
tion corresponding to a power ratio of 400 is 26 db. 
When the value of the power ratio is doubled, the 
attenuation is increased by 3 db, so that if the ratio 
is 800, or twice 400, the attenuation is 3 db higher 
than 26 db, or 29 db. These fundamental relations 
are useful in determining the attenuations of lines 
and networks. 


| 
Power ratio ALLOnnattan 


lh) 

biJte | 0 
Le oe = ee | | 
ye | 3 
ieee Sete : : | ti 
ame oe ee ee — 7 
A ee ee ee ees 3s <A LO 
DO ee eis ae tag he Rikeslnsnse e: 2) 
C004. he ee nat Aste a] 30) 
TO O00 Gee ae aenas ae sen vi ese) PL 40) 

c. Factors Influencing Attenuation. The atten- 


uation of a pair usually is expressed in db per loop 
mile of line. One loop mile is 1 mile of two-wire 
line—that is, 2 miles of wire. The attenuation 
per loop mile of an open-wire pair depends on the 
size, spacing, and material of the conductors, and 
on the kind and number of insulators and hein con- 
dition (wet or dry). Ice has a large effect on at- 
tenuation, particularly at high frequencies. The 
frequency of the current has an important effect 
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Figure 219, 
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on attenuation. Under average conditions, an 
open-wire pair has less attenuation per mile than 
either cable or field wires. For example, the dry 
weather attenuation at 1,000 cyeles for 8-ineh 
spaced wires of 165-mil, 128-mil, and 104-mil cop- 
per is, respectively, .032, .049, and .070 db per loop 
mile at 68° If, An approximate expression for 
this attenuation is as follows: 


LG AN 8.686 db 
“per loop mile. 


Attenuation~(4 4/5 ney Ve 


185. Loading of Transmission Line 


Loading, as applied to « transmission line, 1s 
the method of inereasing the series inductance of 
a line by the addition of external inductance. Its 
purpose is to improve the performance of the line 
by reducing attenuation and distortion, Loading 
may be either: /wnped leading or continuous 
loading. 

a. Lumped loading is elected by the addition of 
loading coils (which have relatively high indue- 
tance) at regular intervals along the line. The 
loading coils used at present consist of two wind- 
ings on a molybdenum permalloy dust core (C, 
fie. 219). With this core material, high imduet- 
ance is obtained with a rather small coil. Before 
the molybdenum permalloy dust core was per- 
fected, loading coils had iron dust or permalloy 
dust cores illustrated in A and B. For the same 
inductance value, these coils are physically larger. 

The insertion of heavy loading coils in sub- 
marine telephone and telegraph cables would sub- 
ject them to excessive strain at the points of in- 
sertion, For this reason, a different method of 
inductance, called continuous 
Continuous loading is effected 


Increasing series 
loading, is used, 


PERMALLOY MOLYBDENUM 
DUST GORE PERMALLOY 
DUST GORE 
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Core materials of loading coil. 


by Wrapping the cable conductor with a tape or three field-wire lines listed in the table j mM para 
ri il i= 





wire of magnetic material, such as iron or permal- graph 180d: are loaded, as recommended, with load- 
loy- Geeause such loading distributes the in- ing coil as shown in A, figure 220, the Se 
ductance continuously along the line, it causes the ranges of a single pair (w et) are increased from 
fine to behave like one with distributed constants, the values given in the table to 19, 2 and 90 

¢. Commercially, at the present time, only land ‘miles, respectively. The talking ranges of a single 
eables are loaded in the United States, For open- pair (dry) are increased to 35, 40, and 90 miles, 
wire lines, excessive clistortion is overcome by the respectively. The symbol used in schematic dia- 
ase of compensating or corrective networks, and grams to represent loading coils is shown in B. 
excessive line losses ure compensated for by means d. The formula: 
of repeaters or amplifiers. Tor military purposes, / 
however, both cables and field wire lines are loaded AEbeN I: ations | / gal phe og 686 db ver Ic 

) yy Zs ala a per loop 


to Increase the talking range. ioure 220 shows 

one Of the loading coils used in military applica- ; age Pack 

Boiss This coil has an inductance of 88 milli. nuile, given in paragraph 1S4¢ is useful in showing 

enrys. It is inserted at approximately l-mil how loadmg reduces attenuation. In this ex- 

mfervals on field wire. In order for londine to pression, the term R/2,/C/ZL often is called the 

a a = cy a - i = . 

he efleetive in INereasing the talking range. the Se) GS loss, and the rerm C /WL/G is called the 

shunt loss. On most lines, the series loss is many 


msulation between wires, or between wires and 

ground, must be good, and the loading coils must times larger than the shunt Joss. With this fact 

be installed carefully. For example. when the in mind, the effect on attenuation of increasing 
the inductance may be examined. Practice con- 


firms that increasing the series inductance de- 
creases the series loss and increases the shunt loss. 
Tlowever, as long as the latter is the much smaller 
loss, the over-all effect will be a reduction in atten- 
uation. If the shunt loss were not much smaller 
than the series loss, the mduetance could not be 
increased much before the attenuation would be 
increased by a further addition of inductance. 
This brings out the importance of good insulation 
in loaded lines. Inductive loading in the presence 
of poor insulation actually may ?erease the atten- 
uation over its nonloaded value. Loading also 
eives «a more uniform attenuation-versus-fre- 
quency characteristic over the useful Trequency 
band and therefore reduces distortion caused by 


nonuniformity. 


186. Interference on Transmission Lines - 


Interference on telephone lines is a serious prob- 
lem. It may be the result of lightning or other 
natural disturbances of the atmosphere, or of arti- 
ficial sources, such as power lines, railway com- 
munication facilities, or other communication 
circuits. Interference from other communication 
cirenits may result when several telephone lines 
are operating in parallel with each other, and in- 
terference from power lines may result when tele- 
phone lines are run parallel to power lines for 
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considerable distances. Such interference—which 

Figure 220. Typical loading cotl and symbol. results from the transfer of electric energy from 
227 


one telephone line to another, or from a power 
line to a telephone line—is called inductive imier- 


ference. 


Inductive interference may be either 


crosstalk or noise. 


a. Crosstalk. 


Crosstalk is interference which 


results when two or more telephone talking cir- 
cults exist side by side, and the conversation on 


one circuit may be heard on the others. 
ously, this is objectionable. 


Obvi- 
It not only may re- 


duce intelligibility, but it may destroy secrecy, 
Crosstalk can result from any or all of the fol- 
lowing causes: 

(1) Conduction through leakage paths. 
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(2) 


Current in one line may be transferred to 
another line if the insulation between 
lines is faulty, or if branches of trees or 
brush come in contact with the wires. 
This is a problem of proper maintenance, 
and crosstalk from this cause can be 
eliminated by keeping the lines in good 
mechanical condition, : 

Inductive coupling. One of the basic 
principles of electricity is that a magnetic 
field exists around a wire through which 
current is flowing. The magnetic field 
consists of concentric circular lines of 
force at right angles to the wire in space. 
The strength of the magnetic field varies 
inversely with the distance from the wire : 
that is, the greater the distance, the 
weaker the magnetic field. The mag 
netic field has the same waveform as the 
current that produces it. If the current 
1s constant in magnitude and direction, 
the magnetic field is constant in strength 
and direction. If the current is alter- 
nating, as it is in the case of voice fre- 
quencies, the magnetic field varies 
instantaneously in magnitude, and 
changes direction every half-cycle. If 
such a varying magnetic field cuts an 
adjacent conductor, it induces an alter- 
nating emf in the conductor, in accord- 
ance with the generator principle. The 
magnitude of this emf varies inversely 
with the distance between the center of 
the magnetic field and the conductor. 
The conductor is said to be inductively 
coupled to the original wire which pro- 
duces the magnetic field. A, figure 221, 
ulustrates how inductive coupling be- 
tween adjacent telephone circuits can 
cause crosstalk, Assume that an alter- 


( 


8) 


nating yoice-frequency current is flowing 
in circuit 1-2, which consists of a tele- 
phone line connecting two telephone sets, 
Tl and T2 (represented by generators). 
At some instant of time, the current is 
flowing in the direction indicated by the 
arrows. A magnetic field exists around 
both wires, causing the production of a 
resultant magnetic field. When another 
telephone circuit, consisting of a line con- 
necting telephone sets T3 and T4, is lo- 
cated near the first circuit, as shown, the 
magnetic field of the first circuit links 
wires 8 and 4 of the second cireuit (field 
not indicated). Because the magnetic 
field is varying instantaneously in in- 
tensity, an emf is induced in each wire of 
circuit 8-4. The polarity of the induced 
emf is the same for both wires. Assume 
the polarity to beas shown. Wire 3, how- 
ever, is closer to the center of the mag- 
netic field than wire 4, and, consequently, 
the emf induced in wire 3 is greater than 
the emf induced in wire 4 An unbal- 
anced emf (13-54) therefore exists in 
cireuit 34, and produces a corresponding 
current through sets T3 and T4. ‘This 
current, having the same frequency vari- 
ations as the current in cireuit 1-2, causes 
the conversation in circuit 1-2 to be heard 
in sets 3 and 4, 

Capacitive coupling. Capacitive con- 
pling produces an unbalanced emf in a 
circuit because of the capacities between 
the wires of an adjacent circuit and 
eround and the associated electric fields. 
This type of coupling between two adja- 
cent telephone lines is illustrated in B, 
fieure 221, which shows a telephone cir- 
euit consisting of telephone sets Tl and 
T2 connected by wires 1-2, The eapaci- 
ties of these wires to ground are repre- 
sented by Ca and Cg, respectively, 
Since the two capacities are in series be- 
tween the two wires, a voltage exists 
across each capacitance. If the capaci- 
tances are assumed to be equal, the 
voltages across them are equal in magni- 
tude but opposite m polarity, as indi 
cated. This causes an electric field to 
appear between each wire and ground, 
with the respective directions indicated 
by the arrows. If a second telephone 








TI = T3 


INDUCTIVE GOUPLING 





CAPACITIVE CGOUPLING 


Fiqure 221, 


circuit, consisting of sets T3 and T4 con- 
nected by wires 3-4, lies near the first 
eircuit, each of its wires is linked by the 
field existing at that point. Since the 
strength of the field diminishes with 
increasing distance from the source, wire 
3 is linked by a stronger electric field than 
that which links wire4. ‘This causes wire 
3 to be raised to a higher potential above 
ground than wire 4, so that a difference of 
potential exists between wires 3 and 4. 
This potential difference, or unbalanced 
emf, causes a current having the same 
frequency variations as the current in 
circuit 12 to flow in circuit 3-4, and 
produces crosstalk in cireuit 3-4. The 
closer the two circuits are to each other, 
the greater is their susceptibility to this 
type of interference, 

5. Noise. Interference in telephone lines caused 


by such sources as adjacent power lines, electric 
motors and generators, and railway communica- 


> 
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Causes of crosstalk, 


tion facilities, is classified as notse. Electric noise 
results from the fact that the voltages in electrie 
power lines and electric machines and such sources 
ave not pure 60-cycle sine waves, but also contain 
many other frequencies. Some of these frequen- 
cies lie in the transmitted voice-frequency range, 
between 200 and 2,700 cycles. When power lines 
and telephone cireuits exist side by side, voltages 
at these frequencies may be induced in the tele- 
phone lines by exactly the same processts clis- 
cussed in a above. ‘These voltages cause corre- 
sponding currents to flow in the lines, and neat 
in the production of noise in the receivers. Noise 
produced in this manner usually takes the form of 
a hum of varying pitch. It can be as object ionable 
and disturbing to the listener as crosstalk. 


187. Reduction of Interference on Transmis- 
sion Lines 
Various methods have been developed to reduce 
interference on telephone lines. 


pu dy 


a. Maintenance of Lines. One obvious way of 
minimizing interference is by keeping telephone 
lines in good repair. This requires periodic in- 
spection of splices and joints, as well as insulators 
and other equipment. Careful initial installation 
of lines also helps to prevent causes of interference. 

b. Transposition ef Wires. ‘Transposition of 
the wires of a telephone line, as shown in figure 
222, is an effective method of reducing crosstalk 
or noise produced by inductive coupling between 
lines. Note that the wires of circuit 8-4 have been 
transposed, or made to cross over. As explained 
previously, the closer the wire is to the center of 
the magnetic field of the adjacent circuit, the 
ereater is the emf mduced in it. By transposition 
of the wires, however, a greater emf is induced in 
parts of wires Ky, and yy. Similarly, a smaller 
emf is induced in the other parts of wires K., and 
E,,. This makes the resultant induced emf in 
wires 3 and 4 nearly equal. Since very little un- 
balanced emf now exists between the wires, the 
crosstalk current produced in cireuit 3-4 is at a 
minimum. ‘The same effect can be obtained by 
transposing the wives of circuit 1-2. 

e. Capacity Balance. Cables, since they often 
contain hundreds of pairs of wires, are particu- 
larly susceptible to crosstalk caused by capacity 
coupling between adjacent pairs. An important 
reason for this is the fact that the various wires 
exhibit different capacities to ground, making the 
system unbalanced to ground. One method of 
overcoming this is to equalize the capacities by 
transposing the various wires in the cable at 
points where one length of cable is spliced to an 
adjacent length of cable. Another method con- 
sists of equalizing the capacities by adding ea- 
pacity to those pairs of wires that show less 
capacity to ground than do other pairs. This 
capacity is added by connecting the wires on one 
end of a short length of a twisted pair to the cable 


pair and leaving the wires on the other end of the 
short length unconnected. 

In remote or rural 
areas, or in emergency installations for military 
uses, one-wire ground-return telephone cireuits 
(par. 191) often are used, Since transposition 1s 
impossible on such cireuits, they are much more 
susceptible to inductive interference from adjacent 
circuits. Even when connected directly to full 
metallic two-wire circuits, there is usually an ob- 
jectionable amount of noise interference, since 
one side of the two-wire line must be grounded, 
eveating an unbalance to ground. However, if 
the one-wire line is connected to the two-wire lne 
through a repeating ceil which isolates the two 
cirenits, the two-wire line need not be grounded, 
and it operates as a balanced line. Ground-return 
cireuits usually are replaced by two-wire cireuits 
as soon as possible in order to avoid excessive 
interference, 

e. Noise Filters. Battery chargers and similar 
apparatus used to maintain batteries in common- 
battery systems are often the cause of hum, 
because the output voltage from these devices con- 
tains large amounts of energy at random frequen- 
cies. Filtering the output voltage by means of 
low-pass filters, which consist of series choke coils 
and shunt electrolytic condensers of fairly large 
“pacity, removes the higher frequencies that le 
in the voice-frequency range and, therefore, pre- 


vents nolse interference from this source. 


dl ; l/ se af lie peat wy i Coils. 


188. Summary 


a. Velephone lines may be constructed in the 
form of cables, open wire, or field wire. Cables 
or field wire may be supported on poles similar to 
openwire lines, or may be Jaid on the ground, 
Cables may also be laid underground. 

4. Transmission lines are considered electrically 





Figure 222, 


230 


TM 676-6) 


Rieduetion of crosstalk by transposition, 













wort if their length is shorter than the wave- 
wth of the transmitted signal; they are consid- 

md electrically long if their length is approxi- 
mately equal to or longer than the wavelength of 
‘the transmitted signal. 
~, The electrical properties of a pair depend 
jis parameters, R, L, G, and ©, all expressed 
, values per unit length (commonly 1 loop mile) 
‘and on the frequency of the transmitted current. 
Poy an electrically short pair, the parameters may 
be yreated aslumped. For electrically long pairs, 
he Parameters may be treated as distributed. 

v d. The characteristic impedance, Z,, of a line is 

equal to the impedance that must terminate the 

Tine th order to make the input impedance equal 

‘te the terminating impedance. On a pair that 

BB iresncly long, the input impedance will equal 

‘the characteristic impedance of the line irrespec- 
tye Of the terminating impedance. 

«, The characteristic impedance of a pair de- 
‘gends on the parameters of the pair and on the 
frequency, but it is independent of the length of 
the pair. The resistive component of the charac- 
teriztic impedance is generally high at low fre- 

neies and falls off with increasing frequency, 
approaching a value equal to VL/C at high fre- 
cies. The reactive component also starts out 
high at low frequencies and decreases at the higher 
frequencies. The characteristic impedance of a 
pair may be obtained from the measured open- 
‘@reuit and short-circuit impedances by the 
formula, 


—_ 


| hon =\/Z,C) Z, Th 


i f. Maximum power is transferred from a source 
‘tea load over a transmission line when the line is 
Terminated in its characteristic impedance. 

y, Attenuation is the term used to express the 
ower loss ina line, The attenuation of a line is 
‘Measured in db and can be caleulated by using the 
| relationship, 







attenuation in db=10 log. input power 


output power 
 & The attenuation of any pair depends on the 
_ Parameters R, L, G, and C of the line and on the 
frequency. Sometimes G or L, or both, are small 
though to be neglected. 
?. The loading of a transmission pair improves 
Ms response by increasing its series induetance. 
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This may be accomplished by use of loading coils 
(lumped loading), or by wrapping the conductors 
with a tape or wire of magnetic material (con- 
tinuous loading). 

j. Cables and field wires are loaded by means 
of loading coils for military applications. 

i. Interference in telephone circuits is of several 
kinds. Among natural causes may be listed light- 
ning and other natural atmospheric disturbances. 
Among other causes may be listed interference 
from adjacent telephone circuits, possibly in the 
form of intelligible crosstalk or noise, and inter- 
ference from nearby power or electric railway 
lines usually in the form of noise. 

/. Crosstalk and noise may be produced by mag- 
netic, conductive, and capacitive coupling between 
adjacent cirenits, 

m. Interference may be minimized by careful 
installation of the line, by transpositions of the 
wires of the line, by balancing the line capacities, 
and by proper maintenance of equipment. 


189. Review Questions 


a. Why is an understanding of the behavior of 
transmission lines important in the study of 
telephony ? 

b. What types and sizes of lines are used most 
commonly in telephony # 

c. Define an electrically short line; an electri- 


eally long line. Give examples. 3: 
d. What are the line constants of a transmission 


line? How are they measured 

e. State the difference between lumped and 
distributed constants. 

/. Define characteristic impedance. 

q. Wow may the characteristic impedance of a 
line be determined ? 

h. A transmission line is found to have a short- 
circuit impedance of 100 ohms, and an open-cirewt 
impedance of 400 ohms. What is its characteristic 
impedance ? 

; State the condition for maximum power 
transfer from a generator to a load. 7 

j. Why is it important to terminate a line in Its 
characteristic impedance 

k. What kind of characteristic impedance 
usually is found on open-wire lines? On cables? 

/. Define attenuation. How is it measured! 
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m. What is the attenuation of a line if the in- 
put power is 10 watts and the output power Is 5 
watts? . 

nm. What factors determine the attenuation of 
open-wire lines? Of cables? 

o. What is meant by lumped loading? By con- 
tinuous loading ? 

p. What is the effect produced by loading a 
transmission line? 

g. Define: crosstalk, electric noise. 
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7. Explain briefly how crosstalk and noise may 
be produced on a line by inductive coupling; by 
capacitive coupling. 

s. Explain briefly how transposition of the 
wires of an affected circuit can reduce interference 
caused by inductive coupling. 

¢. Mention some other methods by which inter- 
ference on telephone lines may be overcome. 

u. How should grounded circuits and full 
metallic circuits be interconnected ? 








CHAPTER 9 
SPECIAL CIRCUITS 





190. Introduction 


This chapter covers single-line telephony and 
some of the elementary methods of obtaining an 
extra voice channel over a telephone line as used 
in early long distance telephony. ‘These meth- 
ods, referred to as multiplexing, are in use today 
in commercial and military systems, although they 
gradually are being replaced by more advanced 
techniques. 


191. Single-Line Telephony 


Single-line telephone circuits may be full- 
metallic circuits or ground-return circuits, depend- 
ing on the type of physical connection provided 
between the two telephone sets. 

a. Full-Metallie Telephone Circuit. This cir- 
euit is one in which two conductors are used to in- 
terconnect the telephone sets (chs.4and5). It has 
the advantage of permitting transposition of wires 
ag a means of overcoming inductive interference. 
For this reason, full-metallic cireuits are used 
almost exclusively in military applications. 

b. Ground-Return Telephone Cireuit, Figure 
223 shows a ground-return telephone cireuit. 






SINGLE WIRE” 
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Figure 225, Graund-return telephone circuit. 
Only one wire is used to connect telephone sets 
T1 and T8; the other terminal of each set is re- 
turned to ground. 

(1) One advantage of this type of circuit is 
that it is more economical to construct 
than a full-metallic circuit, since it re- 
quires only half as much wire. Other 


advantages are the relative ease with 
which the circuit may be installed, and 
its lower line resistanee (if the ground 
connections are made carefully). Lower 
line resistance means lower attenuation 
and more efficient transmission, Because 
of these advantages, ground-return tele- 
phone circuits still are used in rural areas, 
especially those where interference from 
power lines is not an important factor. 
For emergency operation, the two con- 
ductors of an ordinary field wire can be 
connected and used as a single wire in 
order to extend the talking range of a 
telephone circuit. 

(2) The disadvantages of ground-return cir- 
euits include their susceptibility to in- 
ductive interference from power lines, va- 
riations in operation which may result, 
from differences in ground potential at 
different points, and the possibility of 
additional noise produced by faulty 
ground connections. Although ground- 
return circuits are not suited particu- 
larly to telephone communication, they 
have considerable application in military 
telegraphy, and also may be used for 
ringing eireuits in telephony, 


192. Simplex Circuit 


A simplex circuit is one In which a ground- 
return telephone or telegraph circuit is superim- 
posed on a full-metallic cireuit in order to obtain 
an extra channel. Of course, provision must be 
made for preventing interaction or interference 
between the two circuits. The principle of opera- 
tion of a simplex cireuit is explained later in this 
paragraph. 

a, Repeating Coils. In order to obtain the re- 
quired isolation of the simplex and metallic cir- 
cuits, repeating coils ave used. A, figure 224, 
illustrates one type of coil used in switchboards of 
newer types because it is small, light, and efficient. 
The two upper terminals on the frame, marked 
SWITCHBOARD, are connected to the switch- 
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to represent this type of repeating coil im sehe- 
matic diagrams is shown in B. In this symbol, 
the switehboard terminals are designated by SB1 
and SB2, the line terminals by Li and L2, and 
the center terminal by T. Repeating coils used 
with simplex circuits are highly efficient trans- 
formers of 1-to-1 ratio. The primary is identical 
with the secondary, each consisting of two bal- 
anced windings in series. ‘The resistance of each 
of these four windings is 21 ohms. The only 
physical difference between them is that the see- 
ondary has a center terminal, T, connected to the 
junction of its two windings. Repeating coils in- 
stalled at a switchboard are mounted either above 
or below the terminal strip. They are mounted 
so that they are accessible for maintenance, but 
they are protected from moisture or accidental 
injury. Figure 225 shows the position of a re- 
peating coil in a line terminating and simplex 
panel, ‘The eoil has the 1-to-1 turns ratio used in 
simplex circuits. Input to the unit is by way of 
the protectors, which are open-space cutouts used 
to protect the unit against excessive voltages in- 
-O LI duced in the connected line by lightning and 
other extraneous disturbances. 

b, Operation. Figure 996 is a schematic dia- 
eram of a simplex telephone cireutt superimposed 
i on a metallic telephone circuit. Telephone sets 
1M and T2 are connected to the metallic two-wire 
line by means of repeating coils RCL and RCY, 
respectively. ‘These two sets operate as a two- 
abe 5 way full-metallic telephone system. By means of 

the repeating coils, an additional telephone cir- 
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Hiyure 22}. Pyyieal repeating cold and aymbot. cuit, ov branch, isp) ovided, us branch consists 
so tn of telephone sets T3 and T4, and one terminal of 
hee A 7 tne : + ah ma 7 = ; 
board line terminals. The two outside bottom each 18 sonnantes ~ De eee onting aa 
terminals, marked LINE, are connected to the . secondary of its associated repentine coil. 1e 


other terminal is connected to a good ground, te 
furnish the return path for the current mm this 
branch. The additional ceiremt thus provided is 
called a simplex rjpeuit, and the metallie cireuit 


coming trunk line. The center bottom terminal, 
marked TELEG, is connected to one terminal of 
the telephone or telegraph set that 1s heing 
operated on a simplex circuit. The symbol used 
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Figure 225, Line terminating and simpler panel, 
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Figure 220. 


on which it is superimposed is said to be simplexed 
by the ground-return cirewit, 


193. Current Paths in Simplex Circuit 


The function of the repeating coils which per- 
mit a metallic cirenuit to be simplexed without 
interference between the two circuits can be ex- 
plained by reference to figure 227, in which the 
paths of the metallic-line currents, or side-cireutt 
eurrents, ave indicated by solid-line arrows and 
those of the simplex circuit by broken-line arrows. 

a. Path of Side-Circuit Current. Assume that 
a conversation is taking place between telephones 
T1 and T2 (fig. 227). Also assume an instant of 
time when the pulsating current in the primary 
of the induction coil of transmitter ‘TL flows in the 
direction indicated by the solid-line arrows. This 
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Simplex telephone circuit, 


current induces an emf in the secondary of RC1 
and causes a corresponding current to flow in the 
secondary of repeating coils RC1l and RC2, as 
shown by the solid-line arrow. Note that the 
secondary windings of the two repeating coils are 
connected by the two wires of the metallic line, 
thus furnishing a closed current path. ‘The cur- 
rent flowing through the secondary winding of 
RC2 induces a corresponding emf in the pri- 
mary which produces a current in the primary 
winding. Since telephone T2 is connected to the 
primary of RC2, this current flows through the 
receiver of ‘T2, and results in the reproduction of 
the sound which originated in the transmitter 
ODL 
b. Path of Simplex-Cireuit Current. 
(1) At the same time that this conversation 
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Figure 227. 
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Current paths in simplem cirenit, 
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is taking place, a person at telephone 'T3 
may communicate with telephone T4 (fig. 
227). The voice current at the center 
terminal of the secondary of RC1 divides 
equally into the two windings of the 
secondary of RC1, as shown by the 
broken-line arrows. Since equal currents 
flow in opposite directions through the 
two windings, no emf is induced in the 
primary of RCI, and no voice current 





. Line Balaneing With & 


the secondary of RC2 induce neutralizing 
emf’s in the primary of RC2. Since the 
resultant emf induced in the primary of 
RC2 is zero, no current resulting from the 
conversation between ‘T3 and T4 flows 
in the receiver of T2. Consequently, a 
means is provided of carrying on two in- 
dependent conversations without mutual 
interference on a single metallic cireuit. 
Simplex Circuit. 


flows in the receiver of Tl. The conver- (4) The operation of a simplex circuit takes 
sation originating in T3 therefore is not place without mutual interference only 
heard in T1. if the repeating coils have identical wind- 
The voice current flows through both ings, and if the wires of the metallic line 
wires of the metallic line, however, as in- have the same impedance. It may be 
dicated by the broken arrows. ‘The cur- assumed that proper design and man- 
rent flowing up through the top winding ufacture of the repeating coils eliminates 
of the secondary of RC1 flows through any unbalance resulting from the coils. 
the upper line and through the top wind- However, interference caused by differ- 
ing of the secondary of RC2. Similarly, ent impedances in the two wires of the 
the current flowing down through the metallic circuit may be troublesome. ‘The 
bottom winding of the secondary of RC! main cause of unbalance im the lines of 
flows through the lower line and through field-wire cireuits is caused by poor 
the bottom winding of the secondary of splices, which may introduce a high re- 
Xs PD erection ean ea : + oa “ 7 "i 
RC2. ‘These two currents join at the cen- sistance into one side of the cireuit, An- 
ter terminal of RC2 and flow through other cause of unbalance 1s improperly 
the receiver of telephone 4. The path taped splices and worn and damaged in- 
is completed through ground, as indicated sulation, which may result in excessive 
by the dashed line. Just as the two equal leakage from one side of the ecireuit to 
ancl opposite currents in the two windings ground, pa rticularly when the wires are 
of the secondary of RCL induce neutral- wet, 
izing (canceling) emf’s in the primary of (2) Interference resulting from a poor splice 
RO1, the two currents in the windings of may be reduced to a tolerance level by 
RCI | 
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Balanciig simplexed line. 


introducing an additional loss in the cir- 
euit; this is accomplished by using a 
rheostat in the low-resistance side of the 
line (fig. 228). The low-resistance side 
is ascertained by trial; that is, the rheo- 
stat is inserted first in one side of the 
line, and then inthe other. When placed 
in the low-resistance side, adjustment of 
the rheostat markedly equalizes the loss 
on each side of the line. When these 
losses are equal, interference drops to a 
minimum, 


194, Advantages and Limitations of Simplex 
Circuit 


“. Advantages. One of the obvious advantages 
of the simplex circuit which make it useful in 
nuilitary applications where time is an important 
factor is that it adds telephone or telegraph chan- 
hel to a two-wire line without interference, thus 
effecting a considerable saving of material and 
Maintenance, Another advantage is the compara- 
five ease of installation. 

b. Limitations. In spite of the considerable sav- 
ing in time, material, and personnel obtained with 
simplex cirenits, they usually are not used to 
Provide an additional telephone channel. ‘The 
ground-return makes the line susceptible to imter- 
ference from noise and crosstalk. Also, the 
fround-return circuit signal is more susceptible 
lo interception by an enemy. Z'elegraph cirenits, 
however, operate effectively on a gronnd-return 
system, and simplex circuits frequently are used 
to provide an additional telegraph channel on a 
two-wire metallic line. 


195. Phantom Telephone Circuit 


a A phantom cireuit provides an additional 
telephone channel on two 2-wire metallic circuits. 
Side circuit Nos, 1 and 2 in figure 229 are the two 
2-wire metallic circuits of such an arrangement. 
These two circuits, together with the phantom cir- 
cuits, constitute a phantom group. 

6. The phantom group contains s/@ repeating 
coils located at the central office. ‘These coils are 
similar to those used in simplex cirenits. Repeat- 
ing coils RCL and RC2 are connected in cireuit 
No. 1 at the Jine terminals of the switchboard. 
Telephone sets T1 and T2 are connected at the 
Switchboard to the switchboard terminals of RC1 
and RC2, respectively. Similarly, repeating coils 


RCS and RC4 are connected inside circuit No. 2, 
and telephone sets T3 and T4 are connected at the 
switchboard to the respective switchboard termi- 
nals of these repeating coils. The phantom cir- 
cuit uses two additional repeating coils, RCS and 
RC6. One line terminal of RC5 is connected to 
the center terminal of RC1, and the other terminal 
is connected to the center terminal of RC3. 
Suinilarly, the two line terminals of RC6 are con- 
nected, respectively, to the center terminals of 
RC2 and RC4. The center terminals of RCS and 
RC6 are not connected to any other point. Tele- 
phone set T5 is connected at the switchboard to 
the switchboard terminals of RC5, and telephone 
set T6 is connected in a similar manner to the 
switchboard terminals of RC6. TS and 'T6 also 
may represent telegraph sets instead of telephones, 
so that phantom operation provides either addi- 
tional telephone or telegraph channels. It is 
also possible to construct a phantom group with- 
out the use of repeating coils RCS and RC6 by 
connecting set TS directly to the center terminals 
of RCL and RC3, and connecting set T6 to the 
center terminals of RC2 and RC4. This arrange- 
ment affords economics in initial cost and mainte- 
nance, since it eliminates two repeating coils, but 
it is more susceptible to inductive interference. 


196. Analysis of Phantom Circuit 


a. Path of Phantom-Circuit Current. 

(1) As in the simplex circuit, the center- 
tapped iron-core repeating coil used in a 
phantom group prevents the voice enr- 
rents of the phantom circuit from inter- 
fering with those of the side circuits. 
Assume that at a given instant the phan- 
tom circuit in figure 229 is operating 
from left to right; that is, a person at 
telephone set T5 is talking to someone at 
telephone set T6. If the voice current in 
the primary winding of RC5 is assumed 
to flow down at this instant, the emf in- 
duced in the secondary will cause a ecor- 
responding current to flow wp through 
the secondary (broken arrows), This 
current flows up to the center terminal 
of the secondary of RC1, where it divides 
equally into the two branches, since the 
branch resistances of a perfectly balanced 
line are equal. Since the current in the 
upper winding of the secondary of RC1 
is flowing wp, and an equal current in the 
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Figure 220, 
lower half is flowing down (broken ar- 
rows), the resultant voltage across the 
secondary is zero. Therefore, no corre- 
sponding emf is induced in the primary 
of KCl, and no corresponding current 
flows in the receiver of set. TI, 

The currents continue to the right in the 
metallic wires of the line of side circuit 
No. 1 and join at the center terminal of 
the secondary of RC2 (broken arrows). 
Since the current in the top wire flows 
down through the upper winding, how- 
ever, While an equal current in the bottom 
wire flows wp through the lower winding 
of the secondary, the same canceling ef- 


fect occurs as in RCI. Therefore, no 
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Phantom telephone cirewit, 


corresponding current flows in the pri- 
mary of RC2 or in the receiver of T2. 
The combined current flows out of the 
center terminal of RC2 and down through 
the secondary of RC6 (broken arrow). 
This is the same total eurrent that flows 
up through the secondary of RC5, A 
corresponding current therefore flows in 
the primary of RC6 and through the re- 
ceiver of set T6, reproducing the sound 
originally introduced at the transmitter 
of ‘TS, 

By a similar analysis, the path of cur- 
rent can be traced through the secondary 
of RC4, the wires of the line of side cir- 
cuit No, 2, and the secondary of RC3. 








Since the same canceling oceurs in these 
repeating coils, no phantom circuit cur- 
rent flows in the primaries of these coils 
or in sets T4 and TS, 


b. Path of Side-Circuit Current. 


(1) The use of repeating coils in a phantom 
group also prevents the side-eireuit cur- 
rents from interfering with those of the 
phantom circuit. This can be seen by 
following the so/id-/ine avrows from set 
T1 through side circuit No. 1 and set T2, 
and back again, to Tl (fig. 229). Assume 
an instant of time when a voice current 
originating in the transmitter of T1 flows 
up through the primary of RC1. An 
emf is induced in the secondary, causing a 
corresponding current to flow down 
through the entie secondary. None of 
this current flows out through the center 
terminal of RC1, and consequently no 
part of the current flows through the sec- 
ondary of RCS or RC3. No interference 
exists, therefore, between set Tl and sets 
TS and TS. 

(2) The current flows to the right through 
the bottom wire of side cireuit No. 1 and 
up through the secondary of RC2, the 
path being completed through the top 
wire. Again, no part of this current 
flows out of the center terminal of RC2 or 
through the secondaries of RCG6 and RC4. 
Therefore, no corresponding current 
flows through the receivers of sets T6 and 
T4, and there is no interference in these 
sets. 

(3) The current in the secondary of RC2, 
however, induces an emf in the primary. 
A corresponding current therefore flows 
down through the primary of RC2 and 
through the receiver of T2, reproducing 
the sound introduced at the transmitter 


of ‘Tl. 


(4) Similar analysis can be made for con- 
versations onginating in T2, T3, and T4. 
They will show that the operation of a 
phantom group prevents interference be- 
tween the side circuits and the phantom 
eircuit, Of course, perfect. operation re- 
quires perfect balance of the lines of the 
side cirenits, and well balanced repeating 


roils. 


197. Advantages and Limitations of Phan- 
tom Circuits 


a. Advantages. 

(1) The most important advantage of the 
phantom cireuit over the simplex circuit 
is the elimination of the ground return. 
This gives an additional telephone chan- 
nel with freedom from the inductive in- 
terference to which ground-return cir- 
cuits are susceptible. Phantom circuits 
are used to obtain an additional telegraph 
channel when good ground connections— 
always necessary for its operation in a 
simplex circuit—are difficult to obtain. 
Phantom circuits often are used in tele- 
typewriter communications, 

(2) When the side circuits of a phantom 
group are composed of cables instead of 
open-wire lines, it is possible to reduce 
attenuation and obtain distortionless op- 
eration by using loading coils. ‘These 
coils are arranged so that the currents in 
the phantom cireuit produce aiding mag- 
netic fluxes in the core of the phantom 
loading coil, but opposing fluxes in the 
cores of the loading coils in the side cir- 
cuits. In this way, the phantom currents 
do not affect the side circuits, nor do the 
side-circuit currents affect the phantom 
circuit. Of course, the loading coils must 
he designed, constructed, and installed 
‘arefully, to maintain a perfect balance 
and prevent crosstalk between the phan- 
tom and side cireuits. 

h. Limitations. For the circuits of a phantom 
group to operate without interference, the two 
metallic circuits upon which the phantom cir- 
cuit is superimposed must be well balanced. The 
method of balancing a line by the use of a rheostat 
in the low-resistance side of an unbalanced line 
can be used also in the side circuits of a phantom 
group. Also, for operation without interference, 
the repeating coils must be identical and installed 
properly. When these conditions are satisfied, a 
phantom-group operation has advantages that out- 
weigh its limitations, so that it oceupies an im- 
portant place in military communications. 


198. Simplexed-Phantom Circuit 


a. Description, A cirenit that combines the 
principles of both simplex circuits and phantom 
groups is called a s*yupleacd-phantom cirenit. (fig. 
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Figure 230. Simplexed-phantom circuit, 


230). It consists of two side circuits and a phan- 
tom circuit, comprising a phantom group, with 
the addition of a simplex cireuit accommodating 
the operation of telegraph sets TV and TS. 

b. Operation. The simplexed leg of the sim- 
plexed-phantom circuit contains a ground-return 
ciremt which permits transmission of telegraph 
sionals between telegraph instruments T7 and TS. 
The connections of these instruments are similar 
to those of the simplex circuit, One terminal of 
set T7 is connected to the center terminal of the 
secondary of repeating-coil RC5, and one termi- 
nal of set TS to the center terminal of secondary 
RCG. The other terminal of each set is grounded 
as effectively as possible, to furnish the return 
path. By using an analysis similar to that given 
in the discussion of simplex and phantom circuits, 
the currents of the simplex leg, the phantom cir- 
cuit, and the side circuits can be traced. Such an 
analysis will show that a signal origina ting in Tl 
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is reproduced only in 'T2, one originating in T3 
is reproduced only in T4, one originating in TS 
is reproduced only in 'T6, and a telegraph impulse 
originating in TT is reproduced only in T8. In 
the usual operation of a simplexed-phantom cir- 
cuit, the side circuits and the phantom cireuit are 
used to obtain three telephone channels, since these 
circuits involve full metallic-line operation. The 
simplex lee provides a telegraph channel. 

c. Limitations. 'The same general limitations 
ciscussed in connection with simplex and phantom 
circuits, and concerned primarily with the mainte- 
nance of perfect balance in the metallic lines and 
the repeating coils, apply to simplexed-phantom 
circuits. The existence of fowr channels in a sim- 
plexed-phantom circuit makes perfect balance 
even more eritical than in the other types. For 
this reason, and because they are more difficult to 
maintain in the field, simplexed-phantom circuits 
often are not used in forward areas of operation. 
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igure 231. Composite circuit. 





The attenuation of the telegraph impulses is lower _ four line wires are broken, since only one eae 
‘ : af 033 : : 1 , 1Q- 

than in the case of the simplex circuit, since the needed to provide a complete path in a grow 

wires of the two side circuits are effectively in return circuit.) 

paralle] and thus offer less resistance to current , te Circui 

| ; ay ! 10 ircuit 

flow. (An interesting feature of the operation of 199. Composite ' 

4 simplexed-phantom circuit is the fact that the a. Description. Another type of circuit ~ 

telegraph channel operates even if three of the provides simultaneous telephone and telegrap 
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service 1s the composite cirewit shown in figure 231. 
This cireuit permits the simultaneous operation 
of three telephone channels over a phantom group, 
and four additional telegraph channels, two in 
each side circuit. The telegraph channels operate 
as ground-return circuits. ‘They are indicated on 
the left side of the cirenit by the designations I, 
Il, IIT, and TV. 

b. Operation. In addition to the two metallic 
lines and the six repeating coils required for 
phantom-group operation, the composite circuit 
requires eight capacitors and eight coils, indicated 
by Cand L. These elements act as high-pass and 
low-pass filters, respectively. The turns ratio of 
the six repeating coils is not always 1-to-1. 

(1) In order to comprehend the need for 
these capacitors and coils, it must be un- 
derstood that a telegraph channel can op- 
erate over a path that passes frequencies 
up to 100 eycles, whereas a telephone 
channel can operate over a band of from 
200 to 3,000 cycles, approximately. It 
must be remembered, also, that a capac- 
itor offers low impedance to high fre- 
quencies, but relatively high impedance 
to low frequencies, and that a coil, in- 
versely, offers low impedance to low fre- 
quencies, but relatively high impedance 
to high frequencies. Because of this, tele- 
graph impulses originating in the tele- 
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eraph set on the left side of telegraph 
channel I pass through coil L, through 
the central portion of the upper wire of 
side circuit No. 1, through the second 
coil and the set on the right-hand side of 
channel I, and back to its origin through 
the eround-return path. This telegraph 
current is blocked by the four capacitors 
in the line of side circuit No. 1, and thus 
is prevented from reaching any of the 
six telephone sets. Operation is similar 
in each of the other three telegraph 
channels. 

Similarly, a telephone conversation origi- 
nating in telephone set TL is passed by the 
eapacitors in the line of side cireuit No. 
1, and, by the transformer action of the 
repeating coils, is heard in set 'T2 (fig. 
231). Since these currents are blocked 
by the coils in series with the telegraph 
sets in channels I and II, however, they 
are prevented from reaching the sets. 
For example, if the condensers are as- 
sumed to have capacities of 2 pf each, 
and the coils to have inductances of .5 
henry each, the capacitive reactance of 
each capacitor at a frequency of 200 cycles 
is approximately 400 ohms, and the in- 
ductive reactance of each coil at this fre- 
quency is approximately 628 ohms. At 
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ul composite panel, 





1,000 eyeles, the capacitive reactance is 
only 80 ohms, and the inductive reactance 
is 3,140 ohms. At 50 cycles, however, the 
capacitive reactance is 1,600 ohms, and the 
inductive reactance is only 157 ohms. Be- 
cause of the basic operation of these fil- 
ters, therefore, the three telephone chan- 
nels and four telegraph channels may be 
operated simultaneously without mutual 
interference. Low-frequency ringing 
cannot be used on the telephone channels 
because of the attenuation that occurs be- 
low 200 eyeles. Instead, interrmpted 
1,000-eycle ringing is used. 

Figure 252 shows a line terminating 
and composite panel which contains a 
composite circuit and its 
components. 

e. Limitations of Crreuit. The 
seperation of the composite circuit is subject to the 
_ samé limitations as the simplex and phantom cir- 
enite. The repeating coils and lines must be bal- 
anced perfectly to prevent interference among the 
various channels. Furthermore, the capacitors 
and coils comprising the filters must be selected 
earefully and installed in order to insure proper 
separation of low and high frequencies in the tele- 
graph and telephone channels. 
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200. Summary 


“. Single-line telephony is a system of telephone 
communication in which two telephone sets are 
connected by a single transmission line. 

}, Single-line telephone circuits may be full- 
metallic, involving a two-wire line, or they may be 
ground-return, in which only one wire is used, the 
elrenit being completed through (he ground. 

e. Full-metallic circuits are less susceptible to 
iiductive interference than ground-return cireuits, 
and therefore they are preferred for telephone 
communication. 

d. Ground-return cireuits operate well for tele- 
graph communication, and for signaling (ringing) 
eirenits in telephone communication, 


e. A simplex circuit is a ground-return cirenit 


siperimposed on a full-metallic cireuit. Lt per 
mite the addition of either one telephone or one 
félegraph channel on an existing: two-wire tele- 
phone channel. It is used frequently to provide 
ati additional telegraph channel. 

7. Operation of the simplex circuit involves the 
use of repeating coils al each end of the metallic 





line. These coils are efficient 1-to-1 iron-eore 
transformers, consisting of two equal primary 
windings in series and two equal secondary wind- 
ings in series. ‘The usual resistance of each of the 
four windings is 21 ohms. 

g. Perfect balancing of the repeating coils and 
the line of the metallic circuit msures efficient 
operation of a simplex ciremt, without mutual 
interference between the simplex leg and metallic 
eirenit. 

A. Uf faults on the line make one wire of greater 
resistance than the other, balance can be obtained 
by inserting a rheostat in the low-resistance side, 
and varying it until the resistances of both sides 
are equal. 

i. A phantom cirenit provides a means for ob- 
taining an extra channel over two full-metallie 
cireuits. The additional channel thus obtained is 
called the phantom cirenit. It may be used either 
for telephone or telegraph. The two full-metal- 
lic channels are called side circuits, and the entire 
combination is called a phantom group. 

j. Efficient operation of a phantom group de- 
pends on the use of six repeating coils which must 
be perfectly balanced. This prevents interfer- 
ence between the current in the phantom circuit 
and the currents in the side cireuits. 

i. Cables used in the construction of phantom 
cirenits may be loaded by the use of specially de- 
sioned loading coils. These reduce attenuation 
and improve the performance of the phantom 
group. 

/, A simplexed-phantom circuit extends the ap- 
plication of a phantom group by providing an 
additional telegraph channel. This channel 1s a 
simplex cirenit superimposed on the phantom cir- 
cuit of the group. 

m. Perfect balance in the repeating coils and 
the lines of the side cirenits is required also in a 
simplexed-phantom circuit. 

». Simultaneous telephone and telegraph com- 
munication also is provided in the composite cir- 
cuit. This cireuit permits four additional tele- 
graph channels to be superimposed on a phantom 
eroup without mutual interference. Its opera- 
tion is based on the use of capacitors m sere 
with the lines of the side circuits, and coils 1m 
series with the telegraph instruments that are 
bridwed across the lines of the side circuits. The 
condensers and coils behave like high-pass and 
low-pass filters, respectively. 
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201. Review Questions 


a. Define single-line telephony. 

6. State the two general types of single-line cir- 
cuits, and give the relative advantages of each. 

e. Draw a schematic diagram of a repeating coil 
used in connection with simplex and phantom 
circuits. 

d. What isa simplex circuit? For what purpose 
is a simplex circuit customarily used ? 

e. How is the current in the simplex leg of a 
simplexed circuit prevented from interfering with 
the current in the side cireuit? 

7. What is a phantom circuit? For what pur- 
pose is a phantom circuit customarily used ? 


244 


g. What is a phantom group! tet 

h. In figure 229, trace the path of current orig 
nating in the transmitter of T4. 

i. State the advantages of phantom circuits over 
simplex circuits. | 

j. What is a simplexed-phantom circuit? 

k. In figure 230, trace the path of current origl- 
nating in telegraph set 'T’7. 

1. What is a composite circuit? 
channels does it accommodate ? 

m. What is the function of the capacitors and 
coils used in composite cireuits 4 

n. In figure 231, trace the path of current origi- 
nating in the transmitter of T5; in the teleeraph 
set on the right of channel ITI. 


How many 





202. Introduction 


g. When the field of communications by tele- 
phone first was opened by Alexander Graham Bell, 
there began a search for ways and means by which 
the services this instrument would provide could 
be Improved in quality and extended in seope, 
This search has been a continuing enterprise ever 
sce and is expanding year by year. 

}. One important segment of the over-all search 
has been directed toward improving the methods 
by Which telephones can be interconnected with a 
minimum degree of error and with a maximun of 
dispatch. The earliest aims along these lines were 
limited in scope and possibly could have been sat- 
ified by the simple switching device shown in 
figure 30. 

é. As the number of telephones in service in- 
creased, the capacity of the associated switching 
device (switchboard) had to be increased to meet 
the greater interconnection requirements; in ad- 
dition, facilities had to be provided by which the 
operator at the switchboard could determine the 
particular line seeking a connection with another 
line, signal the desired line, and be signaled when 
a connection might be discontinued. All of these 
facilities gradually were incorporated in the 
switchboard, with corresponding improvement in 
the service provided. TGecause connections and 
diseonnections were completed by manual effort, 
this method of interconnection became known as 
the manual system. 

d, Long before the advent of the first telephone, 
man had directed his energies along lines that had 
the objective of replacing human effort with ma- 
chine effort. ‘This idea soon was projected into 
the field of telephone communications, and as early 
as the year 1889 a mechanically operated switch- 
board made its appearance; however, since it 
neither did nor could provide the degree of de- 
pendability and accuracy of the operator, it failed 
to find a place in its intended field. 

é. The general idea behind the original me- 
chanical switching device was recognized as hav- 
ig some merit. That it had potentialities not 





CHAPTER 10 
DIAL TELEPHONE SYSTEMS 





uncovered in the original design became apparent. 
Explorations began which were aimed at overcom- 
ing the shortcomings of the original machine. 
Gradually, improvements were developed and ap- 
plied until finally a mechanical switching device 
was constructed that would provide dependable, 
fast, and accurate interconnection service. A sys- 
tem using such a device became known as a ma- 
chine-switching system, or simply a dial system. 

/. Comparisons between manual telephone sys- 
tems and dial telephone systems point up the fact 
that their differences are changing constantly. In 
the matter of initial costs, improvements In manu- 
facturing methods and in installation methods 
tend toward reducing this cost difference. Pre- 
ventive maintenance methods have been improved 
and maintenance personnel training has been so 
expanded that maintenance costs between the two 
systems now are reasonably comparable. The 
matter of mobility, so important to the armed 
forces, and which, in the past, definitely favored 
the manual system, is shifting gradually to favor 
the dial system. This shift is the result of con- 
centrated, continuing research. The necessity for 
operating personnel is dispensed with, disconnee- 
tions are completed faster and with greater accu- 
racy, and unusual traflic loads at unexpected times 
are disposed of more efliciently where a dial system 
is in use. 

g. Both systems present advantages and disad- 
vantages which, when properly evaluated, will aid 
in the determination of the system most suitable 
to requirements. Cost and economy, although not 
bearing directly on the quality of the service fur- 
nished, nevertheless are considered in selecting the 
type of system to use. At more extensive manual 
installations, it would not be economical to retain 
the same personnel forces at the switchboard dur- 
ing times of known minimum traffic load as are 
required to handle maximum Joad. If, at a time 
when the switchboard is manned for minimum 
load, an emergency should occur which suddenly 
would increase the traffic load appreciably, then 
the system could not meet that demand in a satis- 
factory manner until ope “iting: personnel were 
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brought to the switchboard. Maximum connect- 
ing facilities of a dial telephone system are ayail- 
able at all hours. 

A. Automatic switching systems vary over a 
wide field in relation to the apparatus, wiring, and 
arrangements for a specific installation. The type 
of equipment selected to equip a central office is 
determined generally by the latest development 
coming out of the laboratories, where continuing 
research is producing continuing improvements, 
As a result, many types of automatic switching 
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Telephone dial, front and rear views. 


systems, including step-by-step, cross-bar, rotary, 
all-relay, and panel systems, have been built and 
placed in use. An explanation of all these types 
is, of course, beyond the scope of this manual and, 
for this reason, coverage is limited to one repre 
sentative type called the Strowger step-by-step 
system. The term step-by-step system comes from 
the fact that, as each digit of a called number 1S 
dialed, the central-ollice apparatus responds by 
completing one of the several operations, or steps, 
necessary to complete the connection, 


203. Dial Telephone 


At manual central offices, the operator completes 
the connection at the spoken request of the calling 
person. At the dial felephone central office, such 
eonnections are made automatically in response to 
jmpulses introduced into an electric circuit by the 
action of a pair of contacts wired in series with 
the circuit. ‘These contacts are part of the tele- 
plone set dial and are called the pilse contacts 
(fig. 235). 

a. A, figure 234, shows a simplified schematic 
diagram of such a circuit. A mechanism within 
rhe dial can be mace to open and close these pulse 
eoitacts in trains of opens and closures from 1 
to 10. From the sketch, it will be seen that when 
he circuit is closed, the contacts of the central- 
oflice R relay are closed and when the cireuit is 
opened, the relay contacts are open. ‘These relay 
contacts control the operation of more complex cir- 
euits within the central office or switching-center 
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equipment which ultimately completes the connec- 
tion to the called telephone. (The R relay men- 
tioned above is used here only as a symbol.) 

b. ‘The intercommunication service provided by 
a dial telephone set is substantially the same as 
that obtained from a manual telephone set, It 
differs only in the manner by which two telephones 
which are part of a common system are intercon- 
nected and disconnected. LB shows a simplified 
schematic diagram of the manual sicdetone tele- 
phone set transmitter cireuit. C shows the cireuit 
in B with the pulse contacts (1-2) added. If the 
pulse contacts are made to open and close a number 
of times, the effect of such action will be reflected 
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Figure 234, Dial telephone, fuictional diagrams. 
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Figure 234. Continued, 


at the R relay in the central office, as it releases 
and operates in step with the pulsing. 

c. The central-office equipment response effi- 
ciency to the current impulses produced by the 
operation of the dial pulse contacts is affected by 
the circuit resistance. Tt is desirable, therefore, 
to reduce this resistance where this is practicable. 
Contacts 3-4, in D, connect a short circuit around 
the transmitter carbon granules throughout the 
duration of each pulse train. This removes the 
resistance of the transmitter from the dialing eir- 
cult and thus extends the length of the line over 
which dialing can be accomplished. ‘These short- 
circuiting contacts provide other desirable and 
necessary features. Opening and closing the line 
circuit causes relatively high voltages to be induced 
in inductively wound apparatus normally found 
in the ecireuit. If disregarded, these voltages 
would act on the carbon granules and ultimately 
impair the transmitter efliciency. Older types of 
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transmitters, when held in certain positions by the 
user, so arranged the carbon granules that momen- 
tary open-circutt conditions were introduced, and 
thus dialing was affected adversely. The trans- 
mitter short-circuiting contacts overcome this 
condition. 

d. 3 introduces the receiver circuit to those of 
the line and transmitter circuit shown on the 
previous sketches. The circuit m EE shows that, 
as the pulse contacts open and close, the lne eur- 
rent alternately will be connected to and cut off 
from primary winding P of the station induction 
coil. The alternate current flow and current cut- 
off will cause an alternating voltage to be induced 
in the associated secondary winding, S. This 
voltage will act to establish an alternating current 
that will oscillate in the circuit made up of the 
secondary winding, receiver R, hookswitch con- 
tacts, transmitter short-circuiting contacts, and 
capacitor C. Each passage of current in the re- 
ceiver winding will actuate the receiver dia- 
phragm, and each such actuation will produce a 
so-called bang-in-the-ear. Since the pulse contacts 
of a properly adjusted telephone-set dial open and 
close at.a frequency between 8 and 11 times per sec- 
ond, it will be obvious that such an undesirable 
condition cannot be tolerated long. Prevention is 
provided by one of two methods, depending on the 
desien of the telephone set. One method—the one 
most commonly in use—is to provide means for 
opening the receiver circuit for the duration of 
the dialing period. The other is to provide means 
for short-cireuiting the receiver winding through- 
out the dialing period. The former method will 
be discussed here. 

e. If shows the receiver circuit-opening contacts 
(5-6) added to the components shown in E. These 
contacts also are component parts of the dial. 
When the dial is moved a few degrees from its 
normal position (off normal), the receiver circuit 
is opened automatically; it remains opened until 
the dial returns to its normal position, at which 
time the circuit is closed automatically, 

/. Reference to F, figure 234, shows that a total 
of three pairs of contacts has been added to a 
manual sidetone telephone set. These additions 
male the set suitable for use in a dial area. In 
order that these contacts can be controlled by a 
single mechanism, it is necessary only to assemble 
them at a common point and in a manner such that 
controlling dial components can reach them, G, 
figure 234, shows the contacts assembled at a com- 
mon point. ‘These contacts, with their controlling 








mechanism, are called a ‘station dial. ‘The nu- 
merals, 1 to 6, shown on the sketches are not pres- 
ent on the dial; they are used here only for 
purposes of association among the sketches. Com- 
pating G with C shows that the pulse contacts are 
wired alike in both sketches so far as circuit con- 
ditions are considered. D, I, and IF show that 
eontacts 3 and 4, on closure, connect a short cireuit 
4round transmitter ‘T, and F shows that contacts 
5-6, when open, will open the receiver cirenit. 
G shows that contact 6, in addition to its normal 
function, takes over the function of contact 4; 
that is, when contact 6 moves away from contact 
5, it moves far enough to make contact, with 3. 
This places a short circuit around the transmitter 
and eliminates the necessity for a contact 4. 

g. Dials used in dial common-battery telephone 
sets may include some refinements not present in 
fhe dial described herein ; but, regardless of refine- 
ments, all such dials perform the same functions in 
operation ; that is, the receiver circuit is opened or 
short-circuited, the transmitter is short-circuited, 
and the line battery circuit is opened and closed as 
many times as is indicated by the digit dialed. 
H isadded for comparative purposes. This sche- 
matic shows an antisidetone common-battery, dial 
telephone set. The heavy line outlines the path 
of the dial pulses. Comparison of TH with G will 
show that the dial in H has one contact more than 
that in G; also, that dial contacts 3-+ not only 
short-circuit the transmitter, but also short-circuit 
the primary, P, winding of the station induction 
eoil, Short-cireuiting the primary winding re- 
duces interference between the telephone set and 
neirby radio equipment during dialing periods, 
and reduces also the dialing circuit resistance. 
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Vigure 284. Dial circuit using receiver short-cireuiling 
contaets, 


h. Figure 235 is a schematic drawing of a typi- 
cal telephoneset. When operating, the dial in this 
telephone set does not short-circuit the primary 
winding of the induction coil, but does short- 
circuit the transmitter. The receiver circuit is 
not opened, as is the circuit previously discussed, 
but the receiver is short-circuited. This short- 
cirenit is shown by heavy lines. The ringer circuit 
is not included, because it has no bearing on the 
involved points. 


204. Numbering Systems 


a. The numbering systems used to identify par- 
ticular lines terminating at a manual-type tele- 
phone switchboard generally start with line No. 1 
and continue im numerical sequence up to the 
capacity of the particular switchboard imvolved. 

b. In step-by-step dial telephone systems, the 
number of digits per line number is based on the 
capacity of the system. Where the capacity is 
less than 100 lines, a 2-digit system is used gen- 
erally ; when capacity exceeds 100 lines, a 3-digit or 
a 4-digit numbering system must be used. The 
reasons that dial numbering systems vary accord- 
ing to the system capacities will be understood as 
the progress of calls in such systems is discussed 
in paragraphs 205 through 211. 


205. Interconnections Between Two Tele- 
phones (Manual) 


a. In the broader sense, the manual and the 
dial systems provide similar service features ; they 
differ only in the manner by which interconnection 
between telephones is accomplished. By con:par- 
ing the methods, the similarity will become more 
obvious. For example, the drawing in figure 236 
shows two pairs of cords in use at a manual-type 
switchboard to connect two talking channels hav- 
ing a telephone at each end of each channel. Kach 
cord contains three conductors, identified as the 
ring conductor, the ¢ép conductor, and the sleeve 
conductor, The ring and the tip conductors are 
used to provide talking channels; the sleeve con- 
ductor is used to provide supervisory signals at 
the switchboard. Only the ring and the tip con- 
ductors will be considered at this time. 

b. Bach cord of a pair is identified according to 
its position at the switchboard, The cord farthest 
away from the attending operator is known 4s 
the A (answering) cord. It is used by the opera- 
tor to answer a calling line (extension station). 
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Figure 236, Manual switehboard cord circuits. 


The other cord of the pair, the one near the oper- 
ator, is known as the C (calling) cord. This cord 
is used to extend the calling line to the called line. 
Where commercial company central-office lines 
terminate at a switchboard, the © cord always is 
used, whether for incoming or outgoing service 
on these lines. This procedure is necessary for 
correct signal supervision. 

c, Other features are provided by the standard 
manual switchboard, such as visual line and super- 
visory signals, audible signals, ringing switches, 
listening switches, and a dial; however, discussion 
of these items properly may be deferred at this 
time. 


206. Connecting Two 2-Digit Line Number 
Telephones (Dial) 


a. In the course of discussing this topic, the 
progress of a connection through the automatic 
switching equipment will be compared with sim- 
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ilar progress at a manual switchboard. When the 
receiver is removed from the hookswitch in the 
manual system, the operator responds by connect- 
ing an vA cord to the calling line and then asking 
for the number of the desired line. One can just 
as well say that the operator finds the calling line 
with the A cord, In the dial system, when the 
receiver is removed at a station, a /inefinder auto- 
matically finds the calling line and extends that 
The connector connects a 
tone (dial tone) to the line. This dial tone has 
the sume significance in a dial system as the oper- 
ator’s “Number please” in the manual system, and 
the calling party, instead of enunciating the de- 
sired line number as in the manual system, will 
dial each digit of the desired line number (dial 
the number). It should be understood that, in the 
dial system, the call extends automatically to the 
connector at the instant that the receiver is re- 


line to the eanneector. 


moved from the hookswiteh, This compares with 
the fact that in the manual system when the A 








cord is connected to the hne. the line cireuit is 
extepded automatically to the ring and tip of the 
c egt l. | 

1. When the two digits of the desired line are 
dialed, the connector completes the conneetion 
and automatically apphes ringing current to the 
ealjed line. In the manual system, on learning the 
number of the desired line, the operator connects 
the © cord to that line and connects ringing cur- 
rent, Im both imstances, removing the receiver 
from the hookswitch requires that a supplying 
talking battery be supplied to the called line. This 
eeeurs automatically im the manual system when 
the operator releases the manually operated ring- 
ing ewitch; the necessary connection is automatic 
im the dial system. 

e. To review the progress of the call in the dial 
system, refer to heure 237. When the receiver is 
eeyoved from the hookswitch at the calling station 
fexension 11), circuit conditions are established 
automatically which cause an idle linefinder shaft 
to mOve vertically as maty steps as are indicated 
by the first digit of the calling line number which, 
in this case, is 1. Having reached this level, the 
ewitch shaft automatically will take as many steps 
ina horizontal direction as are indicated by the 
second digit of the calling line—in this case 1. At 
this point, the switch will come to rest with its line 
wipers on terminal No. 11 of the line bank. Line 
bank terminal No. 11, like all similar terminals, is 
made up of two segments each insulated from the 
other (fig. 238). The ring and the tip leads from 
the calling line are terminated at these segments. 
The line wipers are an assembly of two spring 
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contacts, eich msulated from the other; the line 
wipers thus extend the ring and the tip leads from 
the calling line through a connecting trunk to the 
connector, 

i. When the extension to the connector has been 
completed, the dial tone is connected automatically 
to the calling line, and is the signal to proceed 
with dialing. Response to the dial pulses will 
take place at the connector only. Unlike the line- 
finder, which operates automatically when the re- 
ceiver is removed from the hookswitch, the con- 
nector switch will move only m response to dial 
pulses, 

e, Since the number of the called telephone in 
this Case is UI), the first digit dialed will be () (zero) , 
Dialing 0 produces 10 impulses at the confiector 
switch; this causes the switch shaft to move 10 
steps vertically. Arriving at the tenth level of 
the line bank, it will remain at rest until the second 
digit is dialed, Dialing the second 0 (10 im- 
pulses) causes the switch shaft to move horizon- 
tally 10 steps and come to rest with the connector 
switch wipers on terminal 00. Reference to the 
drawing will show that the leads (ring and tip) 
from the called line terminate at this point; the 
calling line thus is connected to the called line. 
Ringing current is connected automatically to the 
called line and a ringing induction signal is re- 
turned to the calling line until the called station 
answers, at which time the ringing current is dis- 
connected and the talking battery automatically 
is connected to both stations. 

f, Should the ealled line be busy, the connection 
will not be completed; instead, the switch will 
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operate In such a way that a busy signal will be 
connected to the calling line. This signal will 
continue until the calling station replaces the 
receiver on the hookswitch, 

g. Just as the number of pairs of cords present 
at a manual type switchboard will be determined 
by the number of lines terminating at the switch- 
board and the amount of traffic handled, so also 
do similar conditions at dial central office deter- 
mine the number of linefinder-connector combina- 
tions present in the system. Just as no further 
service, requiring cords, can be provided until idle 
cords are available, neither can further service of 
a similar nature be provided in a dial system when 
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all linefinders are busy. Should a station receiver 
be removed at a time when all linefinders are busy, 
no signal will be received at the calling station 
until a linefinder becomes idle and available for 
further service, following which the call will pro- 
ceed in the normal manner. 

kh. Reference to the drawing shows that the ring 
and the tip leads from the various lines terminate 
at similar positions at both the linefinder and the 
connector line bank. ‘This is necessary, since any 
line may be either a calling or a called line. When 
a line is a calling line, it must be accessible to a 
linefinder, and as a called line it must be accessible 


at a connector. 








;. Most step-by-step systems, particularly those 
of Jarger capacity, provide a medium by which 
eonpections to points outside the immediate system 
may be controlled. Control is accomplished gen- 
eyally through an attended switchboard and an 
aperetor. Where this condition exists, the highest 
bank of terminals on the bank (zero bank) of the 
first Selector (par. 205) 1s reserved for trunks to 
the operator; thus, to dial this operator, the station 
will dial the numeral 0. Then the first selector 
ewitth, in response, will move vertically LO steps 
and move horizontally automatically until the 
wipers come in contact with the line terminals of 
an idle trunk to the switchboard, at which point 
the Switch will remain at rest and a signal will 
appear at the switchboard. A system so arranged 
obyiously would not have a line the number of 
which began with 0, 


207. Line Bank Numbering System 


The positions of the numbers on the line banks 
shoWn in figure 237 may be confusing on first sight. 
They appear to have violated all the rules of 
numerical sequence, and, in some respects, this is 
true: however, if the various terminals are con- 
sidered with respect to the position of the wipers 
i response to two trains of dial pulses, the posi- 
tions of the numbers then will be justified. Con- 
sider the connector shown on the drawing (fig. 
237) and, on the basis of the discussion in para- 
eraph 206, assume that a station dials line No. 19. 
Since the first digit dialed is 1, then the connector 
switch shaft will move vertically 1 step and there 
come to rest. The second digit dialed would be 9. 
Ini response to the 9 dial pulses, the switeh will 
move 9 steps horizontally and come to rest on the 
ninth terminal, counting from the left of the 
terminal row. Assume, now, that the dialed num- 
ber is 10 instead of 19. In such a case, the last 
digit dialed will be 0 and, of course, dialing the 
digit 0 sends 10 pulses to the connector. In re- 
sponse, the switch wipers will move 10 steps hori- 
gontally and come to rest on the tenth terminal. 
Similar reasoning will approve the relative posi- 
tions of line numbers 29 and 20, 39 and 30, 
and so on. 


208. Connecting Two 4-Digit Line Number 
Telephones at a Dial Telephone Cen- 
tral Office 

a. The dial system discussed in paragraph 207 
deals with a system where the extension stations 
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have 2-digit numbers. Such systems are limited in 
Scope to as many stations as can be accommodated 
with such numbers; the limitation lies between the 
numbers 11 and 00 for a maximum total of 100 
stations. But dial systems sometimes require a 
much wider range in capacity, some as many as 
10,000 lines (extension stations). This require- 
ment is met by using 4-digit numbers ranging be- 
tween 1111 and 0000. 

b, Figure 239 shows a simplified block diagram 
of a 4-digit system. The diagram shows that a 
total of four switches is required in establishing a 
connection between two lines. These switches and 
the order in which they operate are as follows: 
linefinder, first selector, second selector, and con- 
nector, 

e. Assuming that an extension station, other 
than the called station, removes the receiver from 
the hookswiteh with the intention of dialing tele- - 
phone No. 4658. Removing the receiver causes a 
linefinder automatically to find the calling line im 
exactly the same manner as that outlined for the 
2-dieit system. At this point, a variation occurs 
in the maner in which the connection is extended. 
When the linefinder finds the line, that line is ex- 
tencled automatically to the first selector, and dial 
tone originating at the first selector is connected 
to the calling station. On hearmg the dial tone, 
the calling party dials the first digit—4. 

7, In response to the four impulses sent by the 
dial. the first selector switch will travel upward to 
the fourth level of the line bank and, on reaching 
that level, the switch automatically will move hor- 
zontally toward the right until the associated 
Wipers come into contact with the termmals of an 
idle trunk. This trunk will be one of several such 
trunks wired permanently between the first and 
the second selectors. The calling station line now 
is extended to the second selector. The second se- 
lector switch, assumed to be idle at the moment, 
will be in its normal position. 

e. The calling station now will dial the next 
digit of the called station number; this is digit 6. 
The six impulses sent by the dial will cause the 
second selector switch to move upward to the sixth 
level, On arriving at this level, the switch will 
move horizontally automatically toward the right 
until its wipers are in contact with the terminals 
of an idle trunk connecting the second selector 
with the connector, This operation is similar to 
that of the first selector. 

/. The calling station line now is extended to 


the connector. The action of the connector dif- 
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fers slightly from that of the selectors in that the 
horizontal movement of the selectors takes place 
automatically, whereas, in the connector, the 
horizontal motion is in response to dial pulses. 
As the calling station dials the next. digit of the 
number, 5, the connector switch will move verti- 
cally to the fifth level of the line terminals and 
come to rest at that point; then, as the final digit, 
5, Is dialed, the wipers will move across the seven 
terminals of the row and come to rest on the 
eighth terminal, provided the called station is idle. 

d. Ringing power now is connected automati- 
cally to the line of the called station. This power 
will be applied continuously until the ealled sta- 
tion answer's, or, in the event of no answer, until 
the calling station replaces the receiver on the 
hookswitch, Should the called station answer, 
the ringing power will be disconnected and the 
balking bat tery will be connected to both stations 
vutomatically. (For supervisory purposes, this 
battery to the calling line is reversed. ) 

h. The heavy lines on the diagram outline the 
connecting path between the connected lines. 

i. When the connected stations replace their re- 
celvers, the switching equipment releases and 
returns to its normal positions, 

j. In considering the progress of the connection 
between the calling and the called stations, it may 
be well to consider the possibilities of insufficient 
idle equipment being available to complete a con- 
nection. In the 4-digit system, and considering 
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the called line to have been No. 4658 and an idle 
linefinder to have been available, removing the 
receiver at the calling line automatically will ex- 
tend the line to the first selector. When the first 
digit, 4, is dialed, this selector switch will move 
vertically to the fourth level and then automati- 
cally will move horizontally (hunt) across that 
level until an idle trunk to the second selector is 
found, Should all the trunks on the level be busy, 
an overflow busy tone will be heard at the calling 
station. If all of the trunks connecting the first 
selector with the second selector are not busy, the 
calling line will be extended into the second selee- 
tor, Digit 6 new will be dialed. This train of 
pulses will elevate the second selector switch to the 
sixth level, and trunk hunting on that level will 
begin automatically. Should no idle trunk be 
available between this selector and the connector, 
an overflow busy tone will be heard at the calling 
station. Ifan idle trunk is available, the call will 
be extended into the connector, and from that 
point will proceed in the manner outlined for the 
¥-li@it. system. 


209. Discussion Limitations 


The fact will be obvious that the discussion on 
this particular subject has been limited in scope 
and restricted to the most simple fundamentals. 
This is necessary, since a thorough understanding 
of the cireuits, apparatus, wiring, and arrange- 





ment involved in dial telephone systems requires 
extepded technical training. 


210. Summary 


q. After many years of experimentation, a de- 
| pendable machine-switeching, or dial, system of 
telephony was developed. 

4. Advantages of the dial system include its 

al of operation, accuracy, and response to peak 
Joade at all hours; disadvantages include its higher 
 fyit@! cost and higher costs of training mainte- 
nanc® personnel. 

», Many types of automatic switching systems 
haye been developed, one of which is the Strowger 

step-by-step system. 
_ 4, All automatic switching systems respond to 
eevit changes produced by action of the dial pulse 
eontacts. 

e, Functional, or off-normal, contacts in the dial 
set perform the following functions during the 
dialing period : 

(1) Short-circuiting of the transmitter, 

(2) Opening (or short-circuiting) of the re- 
ceiver circuit. 

(3) Short-circuiting of the primary of indue- 
tion cou (some telephone sets). 

# Manual and dial systems provide similar 
service features; they differ in the manner by 
which interconnection between 
accomplished. 

g. The dial tone has the same significance in a 
dial 8ystern as the operator’s “Number, please,” in 
“manual system. 

h. One automatic switching system uses a dig- 
ital arrangement. of linefinders, selectors, and con- 
neetors to perform the central-oflice switching 
operations. 

7. The number of lines terminating at a dial 
central office and the amount of traflic handled 
determine the requirements for the machine- 
switching equipment. 

j. Numerical sequence is modified in the switch- 
ifig sections, or banks, to compensate for the use 
ofthe digit 0 as number 10, 

k. A Strowger switching bank contains 100 sets 
of terminals arranged in pairs and 10 single ter- 


telephones is 


minals, During operation, the terminals are con- 
nected electrically to the appropriate circuits 
through wipers. 

/. All operations normally performed by the 
operator of a manual switchboard are performed 
automatically at the central office of a dial system. 


211. Review Questions 


a. What are the advantages and disadvantages 
of a dial system ¢ 

b. What is the function of the telephone set 
pulse contacts ¢ 

e. What other circuit changes occur in the tele- 
phone set as a result of dial operation 

d, How do dial and manual telephone systems 
differ ¢ 

e. What information does dial tone convey to 
the calling party ? 

7. Name the switches involved in a 2-digit sys- 
tem connection? Ina 4-digit system connection ! 

g. In a station-to-station connection, what 
switch operates first? What switch operates last? 

h. Ina 4-digit system, what switch responds to 
the first digit dialed? To the second digit dialed? 
To the third digit dialed? To the fourth digit 
clialed ¢ 

i. How does the calling party learn that the 
called station is being rung? Called station 1s 
busy ¢ 

j. What signal advises the calling party that ail 
idle linefinder was available to take the call? 

k. What action is taken by the calling party 
when a busy tone is heard ? 

7. On the line bank, what terminals are located 
immediately to the Jefé of terminals 10% 40% 70% 
00? What terminals are to the immediate right 
of terminals 11% 31? 61? 01% 

m. On what levels are the following terminals 
located : 012 002 99? 59% 194 

n. Why is the transmitter shorted during a dial- 
ing period? ) 

0. Why is the receiver circuit either open- Or 
short-circuited during the dialing operation! 

p. Compare the switching operations of a man- 
ual and a dial system. . 

g. What factors determine equipment require: 
ments in a dial system 
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APPENDIX 
CIRCUIT SYMBOLS 


ae BATTERY CELL, POLARITY AS — 
INDICATED 


+] )|\- BATTERY, MULTICELL POLARITY 
AI|F AS INDICATED 


ih 


BUZZER 





DOUBLE SINGLE 
DROP SHUTTER 





Love 


4t CAPACITOR, FIXED 


{| [+ CARBON-BLOGK PROTECTOR 3| 


r====5 


i | Fs 
lt CAPACITOR, FIXED, SHIELDED 


d hetevin 
NOTE: 
WHERE IT IS NECESSARY TO IDENTIFY THE CAPACITOR ELEC - 
TRODES, THE CURVED ELEMENT SHOULD REPRESENT THE OUTSIDE 
ELECTRODE IN FIXED PAPER-DIELECTRIC AND CERAMIC-DIELECTRIC 
CAPACITORS, THE NEGATIVE ELECTRODE IN ELECTROLYTIC 


CAPACITORS, AND THE MOVING ELEMENT IN VARIABLE AND ADJUST- 
ABLE GAPAGITORS. 


DIAL 


aes 
= 

oOV.D FUSE 
(ase: 
D-G GENERATOR VEO 
SOURCE OF ALTERNATING VOLTAGE VEO 
Nes 


GENERATOR, HAND 





256 Figure 240. Circuit symbols, 


GROUND 


HANDSET, THREE -GONDUCTOR 


HANDSET, FOUR-CONDUCTOR 


HANDSET, FOUR-CONDUCTOR, 
WITH TRANSMITTER CUT-OUT 
SWITCH (HANDSET SWITCH) 


HEADSET 


INDUCTOR OR COIL, FIXED, AIR- 
CORE 


INDUCTOR OR COIL, FIXED, MAG- 
NETIC-CORE 


INDUGTOR OR GOIL, FIXED, TAPPED, 
AIR-GORE 


JAGK, TWO-CONDUCTOR 


JACK, TWO-GONDUCTOR 


JAGK, THREE-GONDUGTOR 


JACK, TWO-CONDUCTOR, CUT-OFF 


JACK, THREE- CONDUCTOR, CUT-OFF 


JACK, TWO-GONDUCTOR, BREAK 
OR SINGLE GCUT-OFF 


TM678-261-1 


<a, ee eS eS eee 


MOTOR 


% A-C MOT 
JACK, THREE-CONDUCTOR, BREAK- On 
D-C MOT 


ONE OR SINGLE CUT-OFF, AND 
MAKE-ONE 


TIP 


ianveeo = PLUG, TWO-CONDUGCTOR 
JACK, TWO-CONDUCTOR BREAK- 
ONE 
T 
If, ers | ca. 
RING O— PLUG, THREE-CONDUCTOR 
SLEEVEO—! — 


JACK, TWO-CONDUCTOR MAKE - 


aE | RECEIVER 


—p— RECTIFIER, ORY-DISK, 
JACK, THREE-CONDUCTOR CUT-OFF ELECTRON GURRENT ea i ada 
AND MAKE-ONE 


RECTIFIER, ORY-DISK, 


JACK, DOUBLE, FOUR-GONDUCTOR FULL-WAVE . 





TELEGRAPH KEY, MANUAL 


RELAY, WITH MAKE GONTACT 


LAMP, ILLUMINATING 


RELAY, WITH BREAK CONTACT 
LAMP, SWITCHBOARD 





A/\\- RESISTOR, FIXED 
MAGNET, BAR 


RAS RESISTOR, VARIABLE, (RHEOSTAT) 


MAGNET, HORSESHOE 


RESISTOR, VARIABLE, 


=e (POTENTIOMETER) 


AMMETER 


—V¥ v= RESISTOR, TAPPED 


VOLTMETER SWITCH, SINGLE -POLE 
—o~ o— SINGLE-THROW 
TM 678-26I-2 


Figure 240. Continued, 
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SWITCH, SINGLE-POLE, 
DOUBLE-THROW 


SWITCH,DOUBLE-FOLE, 
SINGLE-THROW 


SWITGH, DOUBLE-POLE, 
DOUBLE-THROW 


SWITGH, SELECTOR TYPE 


SWITCH, LOCKING 


SWITCH, NONLOCKING 


SWITGH HOOK 


SWITCH, POWER 


TERMINALS 


INDUCTION GOIL 


TRANSFORMER, MAGNETIC GORE 


Figure 240 








. Continued. 


TRANSFORMER, MULTIWINDING, 
MAGNETIC-CORE 


AUTO TRANSFORMER, 
MAGNETIC-CORE 


AUTO TRANSFORMER, MAGNETIC- 
GORE, TERMINALS AND DESIG- 
NATIONS ARE SHOWN ONLY 
WHEN TERMINALS REQUIRE 
IDENTIFICATION 


TRANSMITTER 


VARISTOR 


VIBRATOR REED 


VIBRATOR, SPLIT-REED 


VIBRATOR, TYPICAL 


WIRE OR CONDUCTOR 


GROSSED WIRES: 
TOP, CONNECTION 
BOTTOM, NO CONNECTION 


WIRE, TWISTED PAIR 


TM678-26I-3 
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